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GRAPHIC REPRESENTATION OF POST- 
GLACIAL CHANGES OF LEVEL IN NORTH- 
EKAST IRELAND 


HALLAM L. MOVIUS, JR. 


ABSTRACT. Excavations of a series of Mesolithic sites in North-East 
Ireland have provided a wealth of new data bearing on Postglacial 
changes in the mutual relations of land and sea along the County Antrim 
coast north of Belfast. With respect to two of these stations—Cushendun 
and Larne—graphs have been constructed showing deposition with refer- 
ence to time since the beginning of the Boreal climatic phase. On these 
graphs the horizontal coordinate represents the Postglacial sequence as 
established by pollen analysis, and the curves are tied in with this time 
scale on the basis of paleobotanical evidence. The vertical coordinate, or 
datum, represents contemporary sea level. The variability of the latter, 
which for purposes of the present study has been assumed to have been 
constant throughout Postglacial time, is discussed. The ecological conditions 
pertaining at the time of deposition have been established for the various 
horizons, as the result of detailed studies of the contained invertebrate 
faunas and the petrology of the sediments. On this basis the position of each 
with respect to datum has been plotted. The graphs thus constructed make 
possible the expression of a reasonably accurate curve showing the changes 
that have taken place in land level with relation to the sea at the localities 
in question. For the first time these permit detailed comparison of the 
movements that have taken place between the localities under considera- 
tion, as well as differences in the rate of accumulation. As the result of 
this study two significant facts have emerged: (a) In dealing with marine 
deposits of a soft and porous nature allowance must be made for the 
factor of compaction, which has had a negative effect on the intrinsic 
rate and amount of movement during the emergence. (b) Local differential 
crustal movements resulting from local faulting, apparently of variable 
amplitude, must be reckoned with in addition to the complex interaction 
of isostatic and eustatic factors. It is believed that ultimately it will be 


INTRODUCTION 
ETWEEN 1932 and 1936 the Harvard Archaeological 
Expedition to Ireland, which was sponsored by the Divi- 
sion of Anthropology at Harvard University, spent five field 
seasons excavating prehistoric sites in both Eire and Northern 
Ireland. The director of this expedition, Dr. Hugh Hencken, 
conducted the investigations of sites of the Neolithic and later 
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Fig. 1. Map of sites in northeastern Ireland. 


periods; excavations at the Mesolithic localities were all in 
charge of the writer, who served as assistant director of the 


possible to resolve the movements in question into their component parts, 
but only when a series of such graphs as those presented in this paper 
are available for a wide range of localities, not only in North-East Ireland 
but also in other parts of northwestern Europe. On the basis of the 
measurements thus far computed for coastal localities in County Antrim, 
the figures for the various Postglacial movements may be summarized as 
follows: (a) Submergence=approximately 45 ft. (13.75m.). (b) Emer- 
gence — approximately 30 ft. (9.15 m.). (c) Recent sinking = approximately 
5 ft. (1.52 m.). 
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expedition. A total of six Stone Age sites was investigated, and 
on the basis of the stratigraphic evidence secured at five of them, 
all in North-East Ireland—Cushendun, Glenarm, Larne, and 
Island Magee, all in County Antrim, and Rough Island, County 
Down (fig. 1)—the chronology of the Irish Stone Age has been 
established (Movius, 1942, p. 126-148). At only three of these 
localities, however, is the Postglacial sequence sufficiently well 
documented to provide a partially complete record of the rela- 
tive movements—submergence followed by emergence and finally 
by a recent phase of slight sinking—affecting the mutual rela- 
tions of land and sea in North-East Ireland during Late Boreal, 
Atlantic and Sub-Boreal times. These localities are Cushendun, 
Island Magee and Larne. The fluctuations in level revealed by 
a study of each of these sections may be graphically shown 
(compare figs. 3 and 4), but before discussing the mechanical 
method adopted for constructing the graphs or diagrams as a 
whole, a brief summary of the sequence of Postglacial geologic 
and climatologic events established for the coastal region of 
North-East Ireland (Movius, 1942, p. 82-100; 1953a, pt. 1) 
will be given. 


Stage of Postglacial emergence.—When Early Postglacial conditions were 
finally established the land stood at a height of 120 feet (20 fathoms) 
higher than at present with respect to the sea. At this time a partially 
complete land bridge existed between Britain and Ireland, and peat beds, 
now submerged, were formed at Belfast, Island Magee, Cushendun, and 
elsewhere on the coast. 


Stage of Postglacial submergence-A stage of relative submergence 
ensued during the time represented by paleobotanical Sub-zones VIb, VIc 
and Vila (Boreal and Atlantic) in Ireland, and the sea invaded the 
bays and estuaries of the northeastern coast as far as the present 25- to 
30-foot contour line. By far the most extensive deposit referrable to this 
stage is the “Estuarine Clay,” an analysis of the fauna from which reveals 
that actually several oscillations occurred in the movement. In addition, 
current-bedded and intertidal sediments consisting of gravel and sand 
were accumulated at some localities. These have been incorrectly referred 
to as “Raised Beaches”; they contain Mesolithic implements of the 
l.arnian culture in secondary position. During the lower part of Sub-zone 
Vila (Early Atlantic) the Postglacial climatic optimum was attained in 
North-East Ireland. 

Second stage of emergence.—It has been established that the maximum 
of the submergence took place during the transition between paleobotanical 
Sub-zones Vila and VIIb in Ireland and was followed by a movement 
of emergence. Indeed the paleobotanical evidence shows that “by far the 
greatest part of the transgression falls in Boreal time, only the latest stages 
of it are Atlantic, and the regression began with the opening of the Sub- 
Boreal Stage” (Jessen, 1949, p. 137). Storm beaches were now formed 
by wave action on top of the submarine gravel and sand banks that had 
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accumulated during the previous stage. These contain rolled artifacts of 
Late Larnian affinities in profusion. As a result of the movement, which 
was relatively more advanced in the north than in the south, and which 
was of a negative character south of the O-isobase or fulcrum on a line 
between Counties Sligo and Wexford, the land rose some 5 feet above its 
present height with respect to sea level. 

Slight recent submergence.—Since the beginning of the last century there 
appears to have been a slight submergence—possibly a result of a general 
rise in sea level—taking place. The amount of this recent submergence, 
which has led to severe and extensive erosion at some localities, has been 
estimated at 5 feet. 


The essential facts concerning the above sequence of Post- 
glacial events in North-East Ireland have been known for over 
50 years. Recent intensive investigations at several localities 
have provided detailed information bearing on the rate and 
magnitude of the relative movements of land and sea, as set 
forth in this paper. 


METHOD OF STUDY 


The graphs reproduced in this paper were plotted follow- 
ing a method partly based on that originally devised by Praeger 


for representing the changes of level that have occurred at 
Alexandra Dock, Belfast, and at Curran Point, Larne, as 
revealed by the classic sections studied by him during the period 
1890-1904 (Praeger, with Coffey, 1904, p. 153-155 and pl. 5). 
But the wealth of new data now available makes it possible to 
introduce several refinements, as discussed below. 

Horizontal scale.—The horizontal coordinate represents geo- 
logical time and is subdivided into the recognized climatic phases 
that have taken place during the period in question. The actual 
dates are based on the correlations with Fennoscandia, dis- 
cussed elsewhere (Movius, 1940c; 1942, pt. 1, chap. 3). How- 
ever, since the time scale for the early periods has been deduced 
from studies of the varved clays in northern Europe and ex- 
tended into the British Isles mainly through the media of geo- 
logical, climatological and paleobotanical synchronisms, it must 
be pointed out that the figures themselves are subject to errors, 
which can be expected to become greater the further back in 
time they are extended.’ For the later periods—from the middle 


1 Radiocarbon dates measured by Libby from samples of Alleréd age 
(=Zone II in the paleobotanical sequence) in Germany, England and 
Ireland are consistent in indicating a figure of about 8850 B.c. for this 
horizon, and provide “the first substantial evidence for the matching of 
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of the third millenium s.c. onwards—the archeological record 
furnishes an ever-increasingly reliable check, so that by the 
fifth century s.c. the dates may be considered reasonably ac- 


curate. Also indicated with reference to this time scale is the 
paleobotanical zone sequence in Ireland established by Jessen 
(Jessen and Farrington, 1938, p. 250-256; Jessen, 1936, p. 31- 
37; 1940, p. 38-51; 1949, p. 104-107; see also Mitchell, 1951, 
p. 121-123). The time span covered by the Postglacial 
climatic optimum, as well as that of the maximum of 
the subsidence in Ireland, both worked out on the basis 
of the data from the excavated sites discussed below, are like- 
wise plotted with reference to the horizontal coordinate. In 
this manner actual deposition is shown throughout with refer- 
ence to a uniform’ time scale, the controlling factor being the 
age of several of the deposits in question, which has been deter- 
mined by paleobotany, and the dating of the maximum of 
the transgression by the same means at three other localities— 
Somerset and the Bann Estuary, near Coleraine in County 
Londonderry, and Portrush in County Antrim—in Northern 
Ireland (Jessen, 1949, p. 125-135).° This method of adopting 
a standard horizontal scale throughout all the graphs makes 
it possible to compare the movements and deposition at two 
or more sites at any given point in time. It is patently obvious 
that the thickness of the deposits at a site cannot serve this 
purpose, since these vary tremendously as between any two 
given localities, depending not only on local conditions but 
also on the character of the sediments themselves. Although 


stratigraphic columns across so great a distance” (Flint and Deevey, 1951, 
p. 266). For a discussion of the climate in Britain during the time of the 
Allergd Oscillation, see Manley, 1951, p. 52-54; 1952, p. 126. 


2 Mitchell (1951, p. 196-198) does not follow Jessen with regard to the 
point in the pollen diagrams from North-East Ireland marking the transi- 
tion from Zone VI to Zone VII. On the basis of his system for zoning the 
diagrams for the localities at Spring Bridge (on the Bann River, Co. 
Antrim, 6% miles south of Somerset and above the limit of marine trans- 
gression (Jessen, 1949, p. 124-125), Somerset, and the Bann Estuary, 
Mitchell would place the maxiraum of the transgression a short distance 
above the transition from Zone VI to Zone VII. However, the detailed 
paleobotanical evidence put forward in support of this argument, which 
concerns the rational border for Alnus, lies outside the scope of this paper. 
Since Jessen’s interpretation is convincingly supported by the data from 
Portrush (not discussed by Mitchell), the present writer cannot agree 
that that maximum of the Early Postglacial submergence occurred early 
in the Atlantic period. 
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at the archeological sites discussed in this paper the position 
of only five horizons (Cushendun: 3 and Island Magee: 2) 
can be plotted with respect to the horizontal scale, the graphs 
are considered to be fairly accurately tied in with the sequence 
of Postglacial climatic events as the latter are at present 
understood by paleobotanists. 


Vertical scale and variables involved in relating deposits to 
datum,—As stated at the outset, the purpose of the graphs 
is to make possible the expression of a reasonably accurate 
curve showing the changes that have taken place in land 
level with relation to the sea, based on the data from the 
localities listed above. In order to achieve this, a point on 
the Early Postglacial land surface in the measured section is 
taken as the “O-Point,” and this is moved through time and 
space, the deposits which accumulated above it being plotted 
to scale and with reference not only to the depth of water in 
which each is believed to have been laid down but also to their 
position with respect to the horizontal coordinate as determined 
by pollen analysis. The net result is the section as it exists 
at present at a given site, shown in relation to sea level. In the 
case of Curran Point, Larne, where the bottom of the deposits 
was not exposed at the site investigated by the Harvard 
Archaeological Expedition to Ireland, the curve is constructed 
on the basis of the lowest point reached during the 1935 excava- 
tion.® It should be made clear that in graphs of this type the 
movements of the surface of the ground do not correspond with 
the curve thus constructed, since, owing to the constant ac- 
cumulation of sediments above the “O-Point,” the surface of the 
vertical section has been continually rising. Since it is believed 
that the old land surface originally occurred at an undetermined 
altitude above the sea prior to the marine transgression, an 
arrow is shown projecting upwards from the left margin of 
the curve. 

It is appreciated that the interactions of the factors deter- 
mining eustatic and isostatic control of the mutual movements 
of land and sea are very complex (Wright, 1925; 1928; 1937, 
p. 333-387; Daly, 1934, chaps. 1 and 2; Charlesworth, 1930, 

3 For a preliminary statement of results see Movius, 1942, p. 132-136; 
the detailed excavation report is forthcoming in the Proceedings of the 


Royal Irish Academy. In the present paper the latter, which is due to 
appear in 1953, is referred to simply as the “Larne Report.” 
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p. 364-378; Godwin, 1943, p. 208-211; Farrington, 1945; 
Zeuner, 1952, p. 40), and that in point of fact the graphs 
establish only the relative position of one of these levels—in 
this case that of the land—with respect to the other. Thus, al- 
though we are dealing with at least two variables, a constant 
sea level has been assumed. If, on the other hand, the level 
of the land is shown as constant and that of the sea fluctuat- 


SEA LEVEL 


Fig. 2. Curves showing changes in mutual relations of land and sea. 
A. Result obtained when it is assumed that the level of the sea has 
been constant and that of the land fluctuating. 


B. If the level of the land is represented as having been constant and 
that of the sea fluctuating, the resulting curve is the reserve of that shown 
in A. (Compare Praeger, with Coffey, 1904, plate 5, figures 1 and 3.) 


The dotted lines represent the surface level (ie. the surface of the 
deposits) throughout the period in question. (Not to scale.) 


ing, the resulting curve will be the reverse of that indicated on 
the graphs (fig. 2). It should be realized, however, that what 
appears on the graph as a slight relative sinking of the land 
is in all probability due to a rising of the sea. But the land 
was almost certainly moving too, as is indicated by the compara- 
tively rapid submergence following the initial phases of the 
marine transgression. For the localities in North-East Ireland 
under consideration it is not proposed at this juncture to 


\ 
4 ~ 
4 
— %, 
/ 
/ 
Surface Level 
| O 
4 


704 Hallam L. Movius, Jr.—Graphic Representation of 


attempt to distinguish between relative movements of land and 
sea in absolute terms. It is believed that the establishment of a 
sufficiently large series of curves of the type shown in figure 
3 from all parts of northwestern Europe, including the northern 
part of the British Isles,’ will eventually provide the key to 
disentangling the relative movements of land and sea into 
their eustatic and isostatic components. At the moment our 
main concern is to compute the relative extent of the actual 
movements, rather than to attempt to resolve the parts played 
by the sea on the one hand, and the land on the other, into 
their respective roles, 

The vertical coordinates on the graphs represent vertical 
measurements relative to ordinary high- and low-water level; 
mean sea level is shown by a dashed line. The relationship of 


the various deposits to datum is established in each case by the 


conditions prevailing when they were being accumulated. This 
evidence, which is discussed for each horizon at the various 
localities, has been provided by detailed studies of the marine 
fauna, the mechanical analysis of the sediments in question, and 
the paleobotanical data, Although the latter are mainly useful 
for providing the horizontal, i.e. chronological, control, as 
previously stated, they often furnish information that is of 
significance from an ecological point of view. But it must be 
emphasized that this method of tying in a given point or 
series of points in a section with reference to datum should not 
be regarded as absolute. Furthermore, datum itself cannot be 
considered as a constant. 

Throughout this paper the heights given for the various 
Postglacial deposits with respect to sea level are based on the 
assumption that the local tide range has not altered materially 
since the beginning of Boreal times. But, as Godwin (1943, p. 
204) has clearly stated, “this is an assumption not always easy 
to make on coasts where the growth or removal of spits and 
banks may easily alter the tide range by some feet.” Indeed, 
since the tides along the coast of North-East Ireland are ex- 
tremely variable at present, the probability is that this situa- 
tion also prevailed in the past. In this connection, the present 
absolute height of high-water level with relation to O.D. (the 

4For the southern half of Britain, as well as the North Sea region, a 
considerable amount of comparative data are available (Godwin, 1940a; 


1941, p. 348-358; 1943; 1945), although these are not considered here in 
detail. 
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Ordnance Survey’s Datum established in the last century as the 
level of low water of spring tides at Dublin) fluctuates along 
the coast in a manner which is by no means constant. At the 
localities under discussion, the figures for mean high-water level 
of ordinary summer tides are as follows: Cushendun, 3.07 m. 
(10 ft., 1 in.) above O.D.; Larne, 4.31 m. (14 ft., 114 in.) 
above O.D. Mean high-water level was computed at the time 
of the excavation during August-September of 1934 (Cushen- 
dun) and July-September of 1935 (Larne). 

A second factor must likewise be considered. On the graphs 
(figs. 3 and 4) the coordinates representing high- and low- 
water level are shown as parallel; however, they may not have 
always been constant. This is especially true at the heads of 
deep bays or estuaries, where alterations in the volume of the 
tidal prism would change the range of variation between high 
and low tide by as much as a meter or so, depending on local 
conditions. In any case, owing to the rather scanty nature of 
such data as exist on this subject, it is impossible to compute 
the possible effect of this variable at any given locality. 

Because of another factor, the difficulty of determining the 
exact figure for the maximum of the subsidence will be ap- 
preciated. For to fix the level at which the storm beach was 
formed in any given section with relation to the then-existing 
high-water level, it is necessary to allow for the action of storm 
waves. This factor, together with the extremely variable tides 
of the coast of North-East Ireland, clearly controls the height 
of a given “raised beach.” Indeed, depending on local condi- 
tions, beach sediments could be terraced, either by aggradation 
or erosion, up to as much as 2.00 m. (6 or 7 ft.) above the 
ordinary high-tide level. 

Throughout the present paper all figures referring to the 
probable amount of subsidence during the accumulation of a 
given layer, or the depth of water at the time it was laid down, 
are determined on the basis of ordinary high- or ordinary low- 
water level at the time of deposition. However, in view of the 
variables discussed above, it will be appreciated that accurate 
measurements of the amplitudes of the movement at any given 
locality are virtually impossible to compute, and that in com- 
paring the figures at one site with those from another, a certain 
degree of allowance must be made for local factors influencing 
the height of the sea. 
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Finally, it should be stated that as the sea level itself has 
undergone a change since the end of Glacial times, all state- 
ments regarding depressions (sinking, submergence, etc.) and 
elevations (rising, emergence, etc.) of the land made in this 
paper are relative to present sea level. Thus, as a result of the 
fact that a considerable amount of water was still bound up in 
the form of ice inducing a general lowering of the level of the 
ocean, it is incorrect to assume that during the interval of the 
Early Postglacial emergence in the northern portion of the 
Irish Sea basin, (a) the land was 120 feet higher than it is 
today, or (b) that the sea was 20 fathoms shallower. In either 
case the net relative result would be essentially the same, but 
it cannot be too strongly emphasized that both factors were 
involved. 

Effects of compaction.—Normally deposits of a soft and 
porous nature (peats, marls, silts and clays) have a high initial 
content of water. It is a well-recognized fact that when subjected 
to pressure, either as the result of accumulation in thickness 
or the superposition of coarser and heavier sediments, such 
deposits will suffer considerable compaction. This latter term, 
synonymous with “consolidation” in the geologic literature, is 
used here in preference to what Godwin (1943, p. 204) has 
referred to as “compression.” In the case of certain marls and 
clays of the Great Lakes region of the United States, Twenhofel 
(1939, p. 532) states that some “are composed of as much as 
70% water, and many fine-grained sediments contain more 
than 50°. Much of this water may be expected to be expelled, 
with a somewhat corresponding reduction in volume. The com- 
paction due to crystallization and closer packing is also impor- 
tant, but is mostly overshadowed by that due to expulsion of 
water.”’ In the case of North-East Ireland, however, the present 
data on peats, silts and clays of demonstrably Early Postglacial 
age are far too scanty to provide a basis for computing the 
actual degree of compaction which can be expected to have 
taken place since the time of formation. Although Skempton 
(1944, p. 124) has analyzed a sample of “Estuarine Clay” from 
Belfast, there is no way of knowing from what part of the 
section the sample in question was collected. 

The first experimental work on compaction was published by 
Dr. Karl Terzaghi of the Harvard Engineering School in 1921 


and 1923, who considered the practical aspects of the process 
from an engineering point of view, thus providing the basis for 
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the new applied science known as soil mechanics (Terzaghi, 
K., 1925; ‘Terzaghi, R., 1940; Skempton, 1944). According 
to Skempton (1944, p. 119), “the consolidation of an argilla- 
ceous sediment may be simply described as the process by which 
it is compressed from a mud into a clay and finally, if the 
weight of the overburden is sufficient, into a shale.” Tests 
have demonstrated that the compactibility factor is greater in 
more colloidal clays than in sandy and silty materials. This 
is shown by the typical values of the liquid limit (or water 
content of a silt or clay at the point where the substance ceases 
to behave as a plastic material and becomes essentially a vis- 
cous fluid) of such sediments, which are: 30 to 40 for sandy 
clays and silts; 40 to 80 for normal clays; and over 100 for 
highly colloidal and organic clays (Skempton, 1944, p. 120). 
Whereas the data pertaining to the compaction suffered in 
nature by various types of silts and clays under the influence 
of increasing weight of the overlying deposits are still very 
meager, Skempton believes that they form “what may prove 
to be a basis for the systematic collection and correlation of 
other field observations on the natural compressibility of clays.” 
Although the study of soil mechanics is still very much in its 
infancy, it is felt that at those localities under discussion where 
the sediments consist predominately of silts and clays the 
degree of compaction tends to offset substantially the figure 
for the amplitudes of the changes of level based on the exact 
measurements of the sections made at the time the sites in 
question were excavated. Therefore, if this factor is not taken 
into consideration in such cases, the extent of the uplift as 
revealed by the graph will be substantially less than the actual 
amount computed for an adjacent locality where the deposits 
are composed in the main of sands and gravels. But it seems 
apparent that the degree to which a given deposit has been 
compacted will vary depending on the thickness of the deposit 
in question, its composition, and the weight of the overlying 
sediments. In the discussion of the Larne section on p. 713-718, 
it will be demonstrated that the compaction factor has had a 
negative effect on the intrinsic rate and extent of the relative 
movement during the emergence. 


THE LOCALITIES 


Cushendun.—F rom a stratigraphical point of view perhaps 
the most complete record of Postglacial events in North-East 
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Ireland is revealed at this locality, which lies on the County 
Antrim coast some 22 miles due north of Larne (fig. 1). The 
site, first reported by Dwerryhouse (1923, p. 364-366) and 
investigated by Burchell (1931), was excavated by the Harvard 
Archaeological Expedition to Ireland in 1934 (Movius, 1940a). 
It is situated on the left bank of the Dun River approximately 
150 yards west of the town of Cushendun, where the Post- 
glacial terrace (ca +35 ft., O.D.) is well exposed. 

In the excavation report on this site the stratigraphy of the 
Cushendun site is discussed in detail (Movius, 1940a, p. 24-34) ; 
it is as follows (fig. 3: upper): 


(A) Humus (Horizon 4) 50 em. 
(B) Upper gravel (Horizon 3) 3.15 m. 

(C) Upper lagoon silt 77 cm. 
(D) Lower gravel (Horizon 2) 3.58 m. 

(FE) Lower lagoon silt (Horizon 1) 46 cm. 
(F) Swamp peat 10 cm. 
(G)  Resorted boulder clay 30 cm. 


(H) Laminated clay) 


(1) Boulder clay ( thickness undetermined 


Deposits G to I inclusive (resorted boulder clay, laminated 
clay, and boulder clay respectively) are omitted here, since they 
are not of direct concern with regard to constructing the graph 
showing the changes of level that have taken place here during 
Postglacial times. This graph has been plotted showing the sur- 
face of the swamp peat layer (deposit F) directly below point 
(A) at the excavated site as the constant. This tightly com- 
pressed peat was formed on an old land surface which, on the 
basis of the evidence of the underlying resorted boulder clay, 
formerly stood well above the then-existing high-water level. 
Pollen analysis shows that it accumulated during Sub-zone VIb 
of the Late Boreal Period in Ireland (Jessen, 1949, p. 136) 
prior to the submergence; later it was transgressed by the sea, 
resulting in the deposition of marine and other sediments 8.46 
m. (27 ft., 9 in.) thick above it. Therefore, if its position with 
respect to sea level can be determined from the time of its 
formation down to the present day, on the basis of the charac- 
ter and age of each succeeding deposit that was laid down on 
top of it, this evidence plotted to scale on a diagram should 


allow the final expression of a reasonably accurate curve pre- 
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senting graphically the changes of level that have taken place 
at the Cushendun locality since the time the peat layer was 
transgressed by the sea. As stated above, for the purpose of 
plotting this graph the convention of a constant sea level 
throughout the entire period has been assumed, 

Overlying the swamp peat, which is 10 cm. thick, a stratum 
of lagoon silt (deposit E) 46 cm. thick was encountered. The 
nature of the sediments comprising deposit E and the contained 
mollusea prove that it was accumulated in a tidal lagoon 
during an early stage of the submergence. The common species 
are Littorina littorea L., L. littoralis L., Ostrea edulis L., 
Cardium edule L., and Paphia decussata L., a southern form. 
Oyster shells were fairly plentiful in the lower part of the 
deposit where they occurred fresh and in situ with their valves 
stell together adhering to large stones. According to Mrs. Me- 
Millan (1940, p. 37), broadly speaking, all these mollusks are 
littoral forms, and although the number of species is limited, 
the assemblage definitely indicates sheltered lagoonal conditions 
at the time this stratum was formed. Indeed a detailed study 
suggests that the lower part of deposit E accumulated at or 
just below low-water mark, since all the remains of oysters were 
found here. But the upper portion is more strictly littoral in 
character, as demonstrated by the abundance of Littorina lit- 
torea; it is almost certainly an intertidal deposit laid down in 
brackish water. Probably the lower lagoon silt represents slow 
sedimentation within a lagoon formed behind a protecting bar- 
rier. It has also been assigned to Sub-zone VIb in Ireland, 
although slightly later than the peat (Jessen, 1940, p. 42; 
1949, p. 136), and the fauna definitely suggests that a climate 
slightly warmer than that of the present time obtained during 
the period of its deposition. Flint implements of Early Larnian 
type were found in this layer—archeological Horizon 1 at 
the site. 

A submergence of approximately 4.00 m. (ca. 13° ft.) is 
demonstrated by the fact that deposit E is overlain by a layer 
of very coarse angular to subangular gravel (deposit D) 3.58 
m. (11 ft., 9 in.) thick. This contains Early Larnian imple- 
ments in abundance (archeological Horizon 2 at the site), 
which for the most part are quite fresh and unrolled. But no 
trace of either bone or shell occurred in this deposit. These 
gravels, which are a dark reddish-purple color and are stratified 
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horizontally, have been formed of material derived by the sea 
from the Old Red Sandstone formation of the Cushendun re- 
gion. They consist of slightly rolled rocks and pebbles in a 
matrix of coarse sand, Since they are both underlain and 
overlain by intertidal lagoon deposits, the accumulation must 
have taken place during a time of submergence, and such 
conditions of a sinking coastline would have been ideal for 
rapid erosion on the headlands. The nature of this deposit in- 
dicates rapid deposition near the then-existing low-water level 
in tempo with the sinking, which appears to have been a com- 
paratively sudden event (Movius, 1940a, p. 30-31), and the 
archeological evidence supports this view. For it is apparent 
that the Early Larnian flint artifacts from this horizon were 
introduced by the sea when it rapidly invaded abandoned oc- 
cupation sites along the Late Boreal coast and swept up the 
refuse material, transporting it by swift currents to a position 
further inland. On the basis of the pollen preserved in con- 
temporary lagoon silts found elsewhere in the Cushendun re- 
gion, which correspond in elevation with these gravels, Jessen 
considers that the Sub-zone VIb/VIc transition occurred at 
spectrum 8, or near the base of the upper quarter of this de- 
posit (Jessen, 1949, p. 136). High-water level of the present 
day occurs near the base of deposit D at a depth of 7.80 m. 
(25 ft., 7 in.) below point @). 

That the lower gravels at Cushendun were accumulated 
during a comparatively short period of time is clearly demon- 


strated by the fact that this horizon is overlain by a second 


layer of lagoon silt (deposit C), which Jessen has assigned to 
Sub-zone Vic in Ireland (Jessen, 1940, p. 44; 1949, p. 136). 
This situation is very clearly shown on the graph (fig. 3), where 
the sediment, which is 77 em. thick, is accurately plotted with re- 
spect to both the depth of water in which it was laid down and the 
tentative Postglacial time scale.° No foraminifera or ostracoda 
occurred in deposit C; only two species of mollusks were found: 
Cardium edule L. (approximately 90 per cent of all specimens) 
and Scrobicularia plana da Costa (ca. 10 per cent). According 
to Mrs. MeMillan (1940, p. 38), the presence of these two 


* Godwin’s (1943, p. 232) suggestion that the upper lagoon silt at 
Cushendun accumulated near the maximum of the submergence is apparent- 
ly based on a misunderstanding of the paleobotanical evidence concerning 
the age of this deposit (Jessen, 1949, p. 138). 
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forms in quantity unaccompanied by any other mollusks in- 
dicates deposition near the low-water mark of a shallow tidal 
lagoon with a relatively flat bottom of sandy mud. Probably 
this was very nearly dry at low tide. The fact that the surface 
of this silt is slightly eroded suggests that a short time elapsed 
between its deposition and the time the basal levels of deposit 
B, immediately above, were laid down. 

As discussed in the excavation report, (Movius, 1940a, p. 
25-26), the upper gravels (deposit B) at Cushendun may be 
divided into two zones: the lower beds which are inclined and 
which dip at an angle of 20°-25° toward the south-southeast ; 
and the upper beds which are nearly horizontal and which 
represent a true storm beach accumulation. The lower beds, 
thickness 1.85 m., were apparently laid down at or near the tidal 
inlet to a lagoon. The characteristic current and foreset bed- 
ding which they display indicates that they were formed as 
the result of the interaction of the sea and the then-existing 
Dun River prior to and at the time of the maximum of the 
submergence, an event that occurred during the transition from 
paleobotanical Sub-zone VIIa and VIIb ( Atlantic/Sub-Boreal) 
in Ireland, as stated by Jessen (1949, p. 137; also Mitchell, 
1945, p. 4 and 6).° The upper, more nearly horizontal beds 
truncate those of the lower series, and there seems to be little 
reason to doubt that they were built up above mean-tide level 
(and probably in the main above high-tide level) during the 
emergence. This portion of deposit B, which is 1.30 m. thick, 


is a true storm beach and it was formed by waves coming from 
the open sea under the conditions of a receding coastline.‘ 


6 At Cushendun the bulk of the sediments were accumulated during the 
interval of time represented by Sub-zones VIb and Vic. This situation 
contrasts markedly with what seems to have occurred in the Island Magee- 
Larne area, where comparatively rapid and extensive deposition took 
place somewhat later during Sub-zone VIIa. 

7 High-water level at Cushendun is 7.30 m. (23 ft., 11% in.) below 
the top of the storm beach (deposit B) at the present time. This surface, 
which is estimated to have been 8.82 m. (28 ft., 11% in.) above high- 
water level at the time of the maximum of the emergence, represents the 
highest point reached by storm waves at the site during the rising of the 
land. On the basis of the figures for Portrush (Jessen, 1949, p. 134) and 
White Park Bay (Coffey and Praeger, 1904, p. 194), at both of which locali- 
ties the action of storm waves extends to a height of ca. 1.50 m. (5 ft.) above 
O.H.W.L., Jessen (1949, p. 137) has estimated the figure for H.W.L. 
at the Cushendun locality at the time of maximum transgression to be 
6.50 m. (21 ft., 4 in.) above modern H.W.L. However, in arriving at 
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Indeed these beds, which constitute a prominent feature of 
the topography in the vicinity of Cushendun, actually represent 
a series of successive storm beaches built up by the sea and 
truncated from time to time by the severe wave action of great 
storms. In support of this view, it should be pointed out that 
the nearly horizontal surface of the rather extensive Postglacial 
terrace at this locality is broken only by a series of low more 
or less parallel beach ridges. Throughout deposit B, heavily 
rolled flint implements of Late Larnian type occur; it com- 
prises archeological Horizon 3 at the site. The material from 
Horizon 1 is Neolithic of “Campignian” affinities and it comes 
from a layer of sandy humus (deposit A) 50 em. thick which 
overlies the upper gravels. This layer, which has recently 
yielded a polished axe made of Tievebulliagh stone (Evans 
and Mitchell, 1943, p. 147, and fig. 1), was formed after the 
emergence had begun. This confirms the evidence from New- 
ferry in the Lower Bann Valley (Movius, 1936; Jessen, 1949, 
p. 122 and 127), where there was also a Neolithic occupation 
in Ireland during Early Sub-Boreal (Sub-zone VIIb) time. 

As discussed on p. 723-724, a comparatively recent sinking 
of the land has occurred, amounting to some 5 ft. (1.52 m.). 
On this basis, it may be assumed that at the maximum of the 
emergence point (@) at the excavated site stood approximately 
9.32 m. (30 ft., 7 in.) above the present level of high tide, and 
that during this period the surface of the peat layer directly be- 
low point (A) stood at 4-86 cm. with respect to O.H.W.L. As 


shown on the graph, the total amount of submergence necessary 


to account for the accumulation of the sediments at Cushendun 
is very close to 7.90 m. (25 ft., 11% in.), whereas measuring 
from the same datum, the total of the emergence at its maximum 
was of the order of 8.80 m. (28 ft., 1014 in.)— the difference 
between these two figures being —90 cm. (—2 ft., 11% in.). In 
other words, at the maximum of the emergence, the surface of 
the peat layer (deposit F) had come back approximately to a 


this figure, Jessen had used the level for the surface of the Warren as 
representing the top of the storm beach, instead of deducting 50 cm. for 
the thickness of the humus (deposit A), and furthermore he has failed to 
allow for the slight submergence of Recent time in computing the total 
amount by which the land has risen in this vicinity since the maximum of 
the Postglacial marine transgression. In any case, it is believed that the 
figure of 7.90 m. (ca. 26 feet), which is shown on the graph (fig. 3) and 
the computation of which is explained above, is probably a great deal more 
accurate. 
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level at which it could have been formed with respect to the sea 
prior to the submergence. As the result of the recent sinking 
of the land, it lies below the high-water mark today for a second 
time, 

Curran Point, Larne.—This locality, which is situated in 
County Antrim approximately 20 miles north of Belfast, is the 
classic site of the Irish Stone Age. It was discovered in 1863 
(Movius, 1953b) and excavated in 1935 by the Harvard Ar- 
chaeological Expedition to Ireland. Over 5500 flint artifacts 
belonging to the Late Larnian culture were found. Previously 
the most thorough stratigraphic studies of the Curran deposits 
were those of Swanston (1886), Praeger (1890), and Coffey 
and Praeger (1904), but during the past 75 years many papers 
have been published on the “Larne Gravels” (Movius, 1942, 
p. 318 for a select bibliography). As previously stated, the 
detailed report covering the results of the 1935 excavation (sum- 
marized in Movius, 1942, p. 132-136) will be published by the 
Royal Irish Academy. 

Curran Point is a long, tapering, sickle-shaped spit (figs. 1 
and 3: inset map), which forms an extension of the coast south- 
ward into Larne Lough, an inland body of water shut off from 
the sea by Island Magee. The Curran, or Corrdan (Irish for 
sickle), rises from 10 to 20 feet above the present sea level 
and is approximately three-quarters of a mile long. Praeger’s 
main investigations were conducted at section B (fig. 1), which 
was formerly exposed at the “Railway Cutting,” in the northern 
portion of the Curran deposits. At the site excavated in 1935, 
which consisted of a pit 5 m. square, the Early Postglacial 
raised beach has an elevation of +30 ft. O.D., or approximate- 
ly 16 ft. above average high-water level. The section, which is 
shown in figure 3: lower, is as follows: 


(A) Surface accumulation 40 cm. 
(B) Storm beach material 90 cm. 
(C) Inclined beds of gravel and sand 2.95 m. 
(D) Fine reddish-brown sand 55 em. 
(FE) Hard gray sand 20 cm. 
| High-water level during Aug.-Sept. 1935 (—4.85 
m.) coincides fairly closely with this deposit. | 
(F) Fine reddish-brown sand 15 em. 
(G) Dark blue sand 85 cm. 


(H) Estuarine clay Thickness undetermined 
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The fauna from each of these deposits has been carefully 
studied, and a mechanical analysis has been made of soil samples 
taken at frequent intervals throughout the section (appendices 
2-5 of the Larne Report). These data permit the construction 
of a very accurate graph showing the deposition in relation 
to the changes of level which have occurred at this locality dur- 
ing Postglacial times. It is to be regretted that the presence of 
an old land surface resting on boulder clay at the base of the 
Postglacial marine deposits could not have been established, but 
the ever-increasingly rapid seepage of water into the base of 
the pit, as well as the extreme toughness of the basal deposits, 
made this an impossibility due to the lack of special pumping 
and boring equipment. Thus, for the “O-Point” on the graph, 
the lowest level in deposit H penetrated by boring—5.00 m. 
below the top of the estuarine clay, and 11.10 m. below the 
top of the section—has been taken to serve this purpose. Fur- 
thermore, it is safe to assume that this sediment was laid down 
during the period represented by the early portion of paleo- 
botanical Sub-zone VIIa ( Atlantic Period) in Ireland, following 
the correlation with the nearby section at Island Magee dis- 
cussed on p. 719-722 (see also Jessen, 1949, p. 139-140, and ap- 
pendix 1 of the Larne Report). Although numerous samples of 
deposit H were taken for paleobotanical analysis, the pollen 
frequency in each instance was too low for counting. But the 
ecological conditions at the time of deposition can be estab- 
lished fairly satisfactorily on the basis of the evidence of the 
very rich marine fauna collected in the estuarine clay, which 
includes 81 species of mollusca and 78 species of foraminifera. 
According to Mrs. McMillan (in Movius, 1953a), these data 
prove that the basal portion was accumulated in a maximum 
depth of 2 to 3 fathoms (3.65 m.-5.50 m.) of water, whereas 
the upper part was deposited in water approximately 1 fathom 
(1.83 m.) deep. However, the conclusions based on the me- 
chanical analysis of this sediment (Benninghoff, in Movius, 
1953a), which simply states that deposition took place “in 
water several fathoms deep,” are less precise. Apparently de- 
posit H was laid down during a period of relative stability 
with respect to the mutual relation of land and sea, although 
it is likely that a very slight amount of relative sinking was 
taking place at this time, in all probability due to a slowly 
rising sea level. On the basis of this evidence, the period rep- 
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resented by deposit H has been plotted on the graph (fig. 3). 
This horizon belongs to the intermediate zone of the estuarine 
clays of North-East Ireland, during the deposition of which the 
Postglacial climatic optimum in Ireland was attained. 

While the accumulation of the dark blue sand (deposit G), 
which is 85 em. thick, was in progress, there was a gradual 
silting-up at the Curran locality. The lower portion of this 
deposit was laid down in water approximately 1 fathom deep; 
whereas samples from the top indicate sedimentation just below 
the level of ordinary low water, as shown by the marine fauna 
(mollusca: 64 species; foraminifera: 68 species) studied by 
Mrs. McMillan (in Movius, 1953a). The sedimentary analysis 
demonstrates that toward the top of the deposit the clay con- 
tent decreases and in the upper levels the sediment is composed 
predominantly of sand. According to Benninghoff (in Movius, 
1953a), this indicates that a relative emergence was taking 
place, and “that the then-existing strand-line was approaching 
the vicinity of the site.” In other words, a gradual silting-up 
of this portion of Larne Lough was going on under conditions 
of relative stability. 

Deposit F, an horizon of fine reddish-brown sand 15 cm. 
thick, was accumulated at or near the level of ordinary low 
water, as shown by the occurrence throughout of razor clam 
shells (Ensis siliqua) in situ. And Benninghoff’s analysis of the 
size grades of the sand particles suggests that the beach was 
now closer to the site than it had been during the deposition 
of the two preceding beds. The overlying hard gray sand (de- 
posit E) represents an accumulation on the lower portion of a 
tidal beach. It is 20 cm. thick and coincides with O.H.W.L. 
of the present day, which occurs at —4.85 m. (—16 ft.) with 
respect to datum. By the time deposit E was laid down there 
is nothing to indicate that climatic conditions differed from 
those of the present. The marine fauna from the hard gray sand 
is all in situ; according to Mrs. McMillan (in Movius, 1958a), 
it includes 9 species of mollusca and 34 of foraminifera. The 
occurrence of many specimens of Exsis siliqua and Phacoides 
borealis show that deposition was taking place on a sandy fore- 
shore exposed at low water, since normally E. siliqua does not 
range below this depth. An analysis of this sediment by Ben- 
ninghoff indicates the type of sorting normally found on the 
lower portion of a tidal beach. 
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Throughout the period represented by deposit D (a second 
layer of reddish-brown sand) gradual deposition continued 
under conditions of relative stability; this 55 cm.-thick layer 
was formed on the lower portion of the then-existing beach. This 
conclusion is based on an analysis of the very abundant fauna 
(mollusca: 79 species; foraminifera: 32 species) collected in 
the deposit. That beach conditions prevailed at the time of ac- 
cumulation is indicated by the finding of a large stone at a 
depth of 4.35 m. with barnacles (Balanus balanoides) adhering 
to it, since these barnacles do not range below low-water level. 

As shown on the graph, the evidence of deposits H to D in- 
clusive reveals that there had been a gradual building-up of 
sediments going on. But at the beginning of the time repre- 
sented by the accumulation of the overlying inclined beds of 
coarse gravel and sand (deposit C), this period of relatively 
stable conditions came rather abruptly to an end. In fact 
there is a slight unconformity between deposit C and the under- 
lying beds. Deposit C, which is 2.95 m. thick, is composed 
of some ten layers, as indicated in figure 3: lower. Considering 
these beds in ascending order, the conditions which prevailed at 
the time they were formed based on Benninghoff’s analysis 
(in Movius, 1953a) of samples of each sediment may be sum- 
marized as follows: 


(1) At or near O.L.W.L. (Sinking had begun.) 
(k) A tidal beach deposit—probably near O.L.W.L. 
(j) Deposited near O.L.W.L. on a tidal beach. 
(i) Probably formed at a low level on the beach. 
(h) Probably laid down in an intertidal pool. 
(zg) Deposition at or near O.L.W.L. 
(f) Accumulated on an intertidal beach. 
(e) A typical lower beach deposit. 
(d) Laid down on an intertidal beach. 
(c) Lower: An intertidal gravel bar. 
Upper: An upper beach deposit—near the level of 


O.H.W. 


Now if each of these sediments is very accurately plotted 
on the graph (fig. 3), the resulting curve clearly demonstrates 
that during the period represented by beds (1) to (d) inclusive, 
a total sinking of the land relative to the sea occurred which 
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amounted to 1.85 m. (6 ft., 34 in.).* Throughout, the nature 
of the bedding suggests that deposition was going on under 
littoral conditions in tempo with the submergence. Since the 
sands and gravels comprising bed (c) indicate that the sinking 
had now ceased and that a progressive building-up process was 
under way, the height of the submergence must have taken 
place during the time this layer was being laid down. That this 
event may be assigned to the transition between paleobotanical 
Sub-zones VIIa and VIIb (Atlantic/Sub-Boreal) in Ireland 
has been clearly demonstrated by Jessen (1949, p. 125-137). 
It is on this basis that the point on the graph showing the 
maximum of the sinking, as revealed by the Curran deposits 
exposed at the 1935 excavation, has been plotted. 

With the exception of a few specimens from the basal por- 
tion of deposit C, all the mollusca and foraminifera from this 
horizon are worn and derived from deeper water outside the 
lough. However, certain critical forms occur in beds (1), (k) 
and (j) which provide important ecological data. In bed (1) 
several complete specimens of Phacoides borealis found in situ 
demonstrate that deposition did not occur at a level on the 
beach higher than at or near the low-water level. Furthermore, 
in beds (k) and (j) several large stones were found with fresh, 
unworn barnacles ( Balanus balanoides) adhering to them. Since 
these are in situ their occurrence proves that this portion of the 
section represents a tidal beach deposit, for barnacles are 
never found above high-water level. Therefore, the evidence of 
the fauna confirms the fact that a submergence, i.e. a rise in 
sea level relative to the land, had commenced at the time the 


lower horizons of deposit C were being accumulated. 

A storm beach built up by the waves close to high-water 
level during the emergence is represented by deposit B.° A 
slight unconformity exists between this layer and the underlying 
inclined beds of coarse gravel and sand; indeed, the surface of 


*In no instance were the fractions of inches which appear. in this paper 
obtained by direct measurement; they result from conversions into feet 
and inches of figures given in the metric system in which the meter= 
39.37011 inches. 

®° At the excavated site on Curran Point O.H.W.L. is at present 4.45 m. 
(14 ft., 7% in.) below the top of the storm beach (deposit B). At the 
maximum of the emergence, it is estimated that this surface, which repre- 
sents the highest point reached by storm waves at the site during the up- 
lift, was 5.97 m. (19 ft., 8% in.) above modern O.H.W.L. 
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deposit C was somewhat eroded before the formation of the 
storm beach began. The shells from this horizon are all very 
heavily rolled and represent common littoral species found to- 
day in the Larne region. According to Benninghoff (Movius, 
1953a), the coarseness of the sand from the lower portion of 
deposit B results from the fact that the fine-grained sediments 
have been “largely washed away by storm-wave action, the 
agent of deposition.” Deposit B, which is 90 cm. thick, is over- 
lain by 40 cm. of recent surface accumulation, which at point 
® at the excavated site occurs at a height of 4.85 m. (16 ft.) 
above ordinary high-water level. 

The comparatively recent submergence of the land with 
respect to the sea now going on all along the Antrim and Down 
Coasts has led to the erosion of the steep scarp that can be 
seen at present on the seaward portion of Curran Point (see 
p. 724), and for this reason point ® at the excavated site is 
shown on the graph 1.52 m. (5 ft.) below the height which it 
must have attained during the maximum of the emergence—6.37 
m. (21 ft., 34 in.)*® above O.H.W.L. 


Island Magee.—Opposite Larne, but separated from Curran 
Point by the narrow entrance of the lough (fig. 3: inset map), 


a very important Postglacial section was investigated during 
construction operations in the harbor at Island Magee by 
Burchell (1931, p. 270-281; 1932; 1933; 1934). Baden- 
Powell (1937) has published the marine fauna collected by 
Burchell at this locality, and Jessen has determined the paleo- 
botanical age of one of the deposits investigated by him in the 
immediate vicinity of the harbor in 1934 (appendix 1 of the 
Larne Report; Jessen, 1949, p. 139-140). Although Burchell 
has given no measurements for the thickness of the individual 
beds, the section is recorded as follows: 


10 This figure is somewhat greater than G. B. Wright’s estimate that 
a submergence of 5.50 m. (18 ft. below present H.W.L.) would account 
for the formation of the Curran gravels (Wright, 1937, p. 382). On the 
other hand, it is not as great as the figure computed by Praeger, 7.92 m. 
(26 ft.), on the basis of the evidence obtained at the Railway Cutting 
(section B on fig. 1), where the surface of the raised beach is stated to 
be 1.83 m. (6 ft.) higher at present than at the site excavated in 1935 
(Praeger, with Coffey, 1904, p. 153). Furthermore, at the latter locality 
no evidence of a storm beach was observed. Presumably the difference in 
level between these two localities has resulted from the “loss” of elevation 
at the site excavated by the Harvard Expedition due to compaction, as 
explained on pages 726 and 727. 
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(A) Raised beach gravels Horizon 3 

(B) Black sand 

(C) Intermediate estuarine clay Horizon 2 

(Note: This is called deposit A by Jessen.) 

(D) Black sand 

(E) Subangular black gravel 
and sand 

(F) Fine black sand Horizon 1 


(These beds apparently 
(G) Subangular black gravel correspond to deposits B 


and sand J) and C in Jessen’s sec- 
tion.) 
(H) Land surface with tree roots and hazel nuts 
(1) Boulder clay 


High-water level coincides approximately with the surface 
of deposit C (Jessen’s deposit A). The surface of the boulder 
clay is stated to be 46 cm. (1 ft., 6 in.) below present low- 
water level, and the overlying deposits (G to B inclusive) are 
some 3.06 m. (10 ft.) thick. The three horizons from which 
archeological material was recovered are indicated above; 
Horizon 1 is Early Larnian, and Horizons 2 and 3 are Late 
Larnian (Movius, 1942, p. 136-139). The marine fauna from 
deposits C, F and G has been intensively studied, and by virtue 
of its pollen content deposit C has been assigned to the lower 
part of paleobotanical Sub-zone VIIa in Ireland (Jessen, 1949, 
p. 139). These data make it possible to compare the Island 
Magee stratigraphy with that exposed at Curran Point at the 
site excavated in 1935, and to plot on the graph presenting 
Postglacial changes of level in North-East Ireland that portion 
of the Island Magee section which is missing at the latter 
locality, as shown on figure 3. 

Deposits A, B and C may be equated with deposits B to H 
inclusive at Curran Point. Horizon 3 (deposit A) yields ar- 
cheological material identical with the Late Larnian from the 
extensive accumulations of sand and gravel on the opposite 
side of the lough. Deposit B probably has its counterpart in 
the derk blue sand (deposit G) at the site excavated in 1935, 
which in turn very likely corresponds to the black sand (de- 
posit F) at the Railway Cutting site (section B) investigated 
by the Belfast Naturalists’ Field Club in 1889 (Praeger, 1890, 
p. 203 and pl. 1). The estuarine clay (deposit G) at the latter 
locality may be correlated with deposit H at the Harvard site 
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and with deposit C at Island Magee. Indeed the marine fauna, 
as well as the depth of water (2 to 3 fathoms) during the 
period of sedimentation, provide very convincing evidence that 
the estuarine clay at Island Magee, in which flint artifacts have 
been collected (Burchell and Whelan, 1930; Burchell, 1932), 
is the counterpart of deposit H at Curran Point. Furthermore, 
as in the case of the Curran clay, the mollusks and foraminifera 
from this level at Island Magee indicate that at the time of 
its deposition slightly warmer conditions prevailed than at pres- 
ent. Although forms found today on the coasts of North-East 
Ireland predominate on the whole, the presence of Modiolaria 
costulata and Tapes (Paphia) decussatus, both of which have 
a normal southern range (Cooke, 1914, p. 115), point to a 
somewhat more equable climate. According to Baden-Powell 
(1937, p. 92-93), the invertebrate fauna from this horizon 
shows no indications of a cold climate. The question of correlat- 
ing these two deposits is further discussed by Mrs. McMillan 
in appendix 2 of the Larne Report; this authority has also in- 
formed the writer by correspondence that she would be inclined 
to correlate the estuarine clay deposits of Curran Point and 
Island Magee on faunistic grounds. In any case, Mrs. McMillan 
does not believe that the dark blue sand (deposit G at the 
excavated site) and the Island Magee estuarine clay (deposit 
C) can be directly correlated, since the evidence of the fauna 
demonstrates that the former stratum is rather later in date 
than deposit C at Island Magee. Therefore, it may be con- 
cluded that, although much detailed work remains to be done 
on the Island Magee section, the estuarine clay deposits at the 
two localities were laid down at the same time under almost 
identical conditions, i.e. in a depth of not more than 2 to 3 
fathoms of water. As Baden-Powell points out (1937, p. 95- 
96), this fact indicates that the two deposits are comparable in 
age with the intermediate estuarine clay of the Irish coastal 
sequence (Praeger, 1888, p. 31; 1892, p. 214, 226, 234). 

Now the establishment of a basis for correlating the Island 
Magee section with that revealed at the 1935 excavation at 
Curran Point is important for the following reasons: (a) the 
stratified archeological material from the two localities vields 
a complete record of the development of the Irish Mesolithic ; 
(b) the lower portion of the Island Magee section furnishes 


the key for completing with a reasonable degree of accuracy the 
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(a 


graph showing the changes of level that have taken place in 
the Larne region during Postglacial time; and (c) on the basis 
of our present data, the correlation of the two sections affords 
the only direct evidence by which the paleobotanical zone se- 
quence established in Ireland may be related directly with the 
climatic record, as revealed by the marine fauna of Praeger’s 
estuarine clay series of the coastal sequence. Whereas the Island 
Magee estuarine clay contains sufficient pollen grains for count- 
ing, it lacks the critical faunal assemblages for positive climatic 
determination, On the other hand, deposit H at the excavated 
site at Larne is poor in pollen—too few for counting—but it 
is very rich in those critical mollusks and foraminifera which 
serve as reliable climatic indicators, Although the pollen fre- 
quency in deposit C at Island Magee is admittedly low, Jessen 
had assigned this stratum to the early portion of paleobotani- 
cal Sub-zone VIIa in Ireland, since high amounts of pine and 
alder occur (appendix 1 of the Larne Report; Jessen, 1949, 
p. 139). As stated above, this horizon has yielded implements 
typical of the Late Larnian culture. 

During the 1935 excavation at Curran Point, no strata 
were reached which may be correlated with deposits D to G 
(alternating beds of black sand and subangular black gravel 
and sand) of the Island Magee section. That this portion of the 
section was accumulated between tide marks is demonstrated by 
the littoral character of the fauna collected by Burchell from 
the lower levels (deposits F and G). Baden-Powell (1937, p. 
96) concludes that it corresponds with the lower estuarine clay 
—Scrobicularia Zone—in Praeger’s sequence (Praeger, 1892, 
p. 214). Now Burchell (1934, p. 369) reports birch, pine, elm, 
alder, oak, a high frequence of hazel and traces of willow from 
a land surface (deposit H) at the base of this horizon at Island 
Magee, and it seems very probable that this indicates an ac- 
cumulation during the early part of Sub-zone VIb time in Ire- 
land. On this basis, the beds of black sand and gravel are very 
likely of the age of Sub-zones VIb (late portion) and VIc. Such 
a dating agrees very well with the implications of the archeo- 
logical material collected by Burchell in Horizon 1 (deposits 
I) to G) at this site. The implements are unrolled, patinated 
blue to black, and are of Early Larnian type, comparable to 
Horizons 1 and 2 at Cushendun ( Movius, 1940a, p. 67). Fur- 


thermore, as at Cushendun, the beginning of the marine trans- 
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gression at Island Magee is manifest in the littoral character 
of the basal deposits—alternating beds of black sand and sub- 
angular black gravel and sand—as well as in the contained 
fauna. These early littoral deposits overlie an old land surface 
(deposit H in Burchell’s section) on which hazel nuts were 
found, and from which tree roots were observed to extend down 
into the underlying boulder clay (deposit I). 

In this connection, it should be noted that at the Railway 
Cutting site (section B, fig. 1) a second layer of black sand 
(deposit H) occurred below the estuarine clay; this in turn 
overlay a stratum of coarse black gravel (deposit I), the lowest 
level reached during the 1889 excavation (Praeger, 1890, p. 
203-208 and pl. 1). In this deposit a few hazel nuts and several 
flint chips, believed to be of human origin, were found. Since 
Spirorbis, corallines, Littorina obtusata, and Balanus—all in- 
tertidal forms—occurred in the black gravel, it is possible that 
this layer is the counterpart of the basal gravels and sands 
(deposits F and G) at the Island Magee locality. If so, deposit 
I at the Railway Cutting site demonstrates the establishment 
of littoral conditions on the Larne side of the lough at the 
beginning of the Postglacial submergence, just as at Island 
Magee, and supports the correlation between the lower portion 
of the Island Magee section and Curran deposits at the site 
excavated in 1935. 

Having discussed the basis on which the Island Magee de- 
posits have been correlated with those recorded by the Harvard 
Expedition at Curran Point, the method of plotting the lower 
portion of Burchell’s section on the graph showing Postglacial 
changes of level (fig. 3) should be explained. Actually for 
the key to this problem the well-documented Cushendun evidence 
was used. At both sites an old land surface that may be as- 
signed to the Late Boreal Period is overlain by shallow water 
sediments—the lower lagoon silt (deposit EF) at Cushendun and 
the basal deposits of the alternating beds of black sand and 
gravel (deposits G to D) at Island Magee. Now the swamp 
peat layer (deposit F) at Cushendun is lying at present ap- 
proximately 66 cm. below ordinary high-water level below point 
(A) at the excavated site, and the total amount of submergence 
necessary to account for the character of the sedimentation 
at that locality is estimated to have been a total of —7.90 m. 
in relation to O.H.W.L. of the present day. On the other hand, 


Postglacial Changes of Level in North-East Ireland 723 


the old land surface at Island Magee is stated to occur at 
3.06 m. below average high-water level, a difference of —2.40 m. 
with respect to the same horizon at Cushendun. Thus the curve 
showing the submergence at Island Magee is plotted on the 
assumption that there was a total change in mutual relations of 
the then-existing sea level with respect to the land of —11.20 m. 
(—36 ft., 9 in.). Admittedly the total thickness shown as repre- 
sented by deposits G to D at Island Magee is entirely arbitrary ; 
a figure of 1.50 m. (approx. 5 feet) was arrived at purely on 
the basis of the fact that the corresponding deposits at the 
Railway Cutting site—deposits H: 2 feet, and I: 2 ft., 6 in. 
(base not reached )—must have a comparahle thickness. If so, 
the graph showing the lower portion of the Island Magee sec- 
tion works out extremely well with regard to plotting the 
estuarine clay (deposit C), which had a total thickness of 
1.25 m. (4 ft., 114 in.) at the nearby section investigated by 
Jessen, and which at both localities was laid down in a depth 
of water not exceeding 2 to 3 fathoms (12 to 18 feet) during 
the early part of paleobotanical Sub-zone VIIa in Ireland. 
Furthermore, it seems to fit reasonably well with the Larne curve 
(fig. 3) in that deposit C at Island Magee falls opposite its 
counterpart, deposit H (estuarine clay), at the Curran site. 
In any case, it is to be hoped that futher work on the Island 
Magee section will provide accurate measurements for the in- 
dividual deposits. However, the graph has been constructed as 
nearly correct as possible on the basis of the existing data, in- 
cluding those recorded by Jessen in 1934. 


EVIDENCE FOR RECENT SUBMERGENCE 


Marine erosion now taking place at many localities indicates 
that the coast of North-East Ireland has been sinking slightly 
during Recent times. As Knowles (1914, p. 90-91) has pointed 
out, along the County Antrim side of Belfast Lough the gravels 
of the Early Postglacial raised beach are being gradually 
swept away by the sea; he states that in 1910 he talked with 
a man living between Carrickfergus and Kilroot who ‘“remem- 
bered the land reaching out a considerable distance into the 
present sea, and that what would be the equivalent of a good- 
sized farm of land had been washed away by the sea within 
his own memory.” On the opposite side of the lough Staples 
(1869, p. 42) records similar observations with reference to 
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the foreshore near Holywood, County Down. However, the 
most striking evidence is cited by Andrews (1892; 1893) who 
describes how the stack of an old windmill pump in an abandoned 
sandstone quarry at Cultra Bay, one mile northeast of Holy- 
wood, was surrounded by 3 ft. of water and situated over 50 
ft. from the shore at high tide. In this instance it is estimated 
that between 1829 and 1892 some 5 acres of land were washed 


away in this vicinity and that the sea encroached on the land 
by from 100 to 150 ft. These observations may be confirmed by 


comparing the old maps and charts showing the coastline of 
Belfast Lough with more recent editions of the same sheets. 

Coffey and Praeger (1904, p. 153 and 156) cite further 
evidence of a small relative sinking movement during recent 
times. At Alexandra Dock, Belfast (see Praeger, 1888, for 
section) a layer of beach sand 2 ft. thick containing derived 
shells is overlain by 614 ft. of mud, the surface of which is at 
present between tide marks and which is full of littoral burrow- 
ing mollusks (Praeger, 1888, p. 30; 1892, p. 233-234). Fur- 
thermore, near Portrush, County Antrim, the sea is cutting a 
low scarp in the raised beach and overlying dune deposits (Jes- 
sen, 1949, p. 135). With reference to Larne, where wave action 
is eroding the deposits of Curran Point at present, Coffey and 
Praeger (1904) state that following the Postglacial sub- 
mergence, the land rose “slightly higher than at present 
probably about 5 ft. above its present level. A slight movement 
in recent times has left the surface as we now find it.”” At Cushen- 
dun the low erosion scarp on the seaward side of the Postglacial 
marine terrace (Jessen, 1940, p. 51) was also formed as the 
result of this recent submergence, which was apparently more 
intense in Scotland than it was in Ireland. For Callander (1929, 
p. 318-322) cites a great deal of very convincing evidence 
showing that a general sinking movement of the land has taken 
place throughout northern Britain since Iron Age times. 


MEASUREMENTS OF POSTGLACIAL CHANGES OF LEVEL 


In order to obtain some idea of the magnitude of the differ- 
ence between the figures for the total submergence and the total 
emergence in the Larne region, as a basis for comparison with 
the figure of —90 cm. (—2 ft., 11% in.) demonstrated in the 
case of Cushendun (see p. 712), the line representing the old 
land surface at the base of the Island Magee section has been pro- 
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jected on to the Curran Point portion of the graph. At the 
outset it must be clearly understood that this line, which falls 
1.50 m. (ca. 5 feet) below the lowest point reached during the 
1935 excavation, represents only an estimate of the probable 
depth at which the boulder clay might be expected to occur had 
it been reached in 1935 at the base of the Curran Point section. 
Furthermore, although it is believed that the position of this 
horizon is plotted reasonably accurately with respect to sea 
level in so far as the Island Magee section is concerned, this 
does not necessarily mean that it can serve as a basis for 
computing the measurements of a section on the opposite side 
of Larne Lough. In the first place, whereas there is no reason 
to doubt the fact that the Curran deposits ultimately rest on 
boulder clay at the excavated site, as is the case at section P 
on the nearby tip of Curran Point (fig. 1; Coffey and Praeger, 
1904, p. 170), it does not follow that this horizon was above 
the then-existing sea level at the excavated site at the time the 
sinking began, although presumably this was the case, But, for 
purposes of the present discussion, it is assumed that littoral 
deposits underlie the estuarine clay at the Curran locality (fig. 
3), just as they do elsewhere in the Larne region, and that they 
date from the early stages of the submergence. In the second 
place, the old land surface at Island Magee is at present only 
3.06 m. (10 feet) below O.H.W.L., or a total of 4.69 m. (15 
ft., 414 in.) above the point indicated on the graph for the cor- 
responding level at the Curran Point locality. In other words, 
the actual curve showing the changes of level at Island Magee 
cannot possibly agree with its projection as shown on_ the 
graph (fig. 3), since this follows the curve for the base of the 
deposits at the excavated site. The essential point to be stressed, 
however, is that the magnitude of the figure obtained 
by this very rough and ready method for computing 
the changes in level at Larne—12.05 m. (39 ft., 6% 
in.) minus 5.82 m. (19 ft., 14 in.) equals 6.23 m. or 20 ft., 
514 in.—is many times in excess of that obtained at Cushendun. 
Since the computed figure for the total amount of submergence 
at Larne is 4.15 m. (13 ft., 7% in.) greater than that for 
Cushendun, whereas the reverse is true with regard to the 
emergence (difference = 2.98 m., or 9 ft., 98 in.), it can only 
be concluded that the old land surface at the latter locality 
actually lay somewhat higher at the time the transgression 
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was getting under way than in the case of Larne. With regard 
to the difference in total movement during the emergence, how- 
ever, it seems probable that two additional factors are involved :" 
(a) the silt and clay beds at Larne were actually compacted 
an appreciable amount due to the weight of the overlying de- 
posits, which would tend to have a negative effect on the in- 
trinsic rate and amount of movement during the emergence: 
and (b) the amplitude of the emergence tends to decrease some- 
what along the east coast of Ireland from north to south (Hull, 
1872, p. 113; Coffey and Praeger, 1904, p. 152, 157, 200: 
Martin, 1930, p. 494-500; Wright, 1928, p. 100; 1937, p. 369; 
Movius, 1942, fig. 11, p. 79, 85, 292). Indeed, southward 
along the east coast this feature, its height steadily decreasing, 
has been traced as far as Wexford Harbour, where the O-isobase 
has been drawn (fig. 3: inset map). Toward the northwest 
the Postglacial raised beach is again found. But the situation 
on the west coast roughly parallels that of the east, and the 
QO-isobase passes through the southwestern portion of County 
Sligo, as shown on the map. It is therefore apparent that a 
general submergence has been under way in Ireland during 
protohistoric and historic times, but this movement has been 
very much more extensive in the south and west than it has 
in the north and east of the island. Thus the Early Postglacial 
raised beach has a tendency to occur at progressively higher 
elevations at the more northerly sites in County Antrim than 
elsewhere, and there are good indications that this situation 
existed even before the Recent Period of relative sinking got 
under way. In other words, the degree of isostatic uplift follow- 
ing the maximum of the transgression has been always greater 
toward the north and east of Ireland, in those regions peripheral 
to the main center of ice dispersal, just as in the case of Britain 
and Scandinavia. However, within the area under consideration, 
i.e. between Cushendun on the north and Larne on the south— 
a total distance of approximately 22 miles—this factor is con- 
sidered to be of almost negligible importance. It could account 
only for a maximum difference in elevation of less than half a 

11 Inasmuch as the Cushendun site occupies a relatively exposed posi- 
tion on the coast from point of view of storm wave action, whereas Curran 
Point is very well sheltered, the fact that high-water level at the former 
locality is at present 1.24 m. (4 ft., % in.) lower with relation to O.D. 


than it is at Larne tends to offset any possible discrepancy due to storm 
wave action during the time the Postglacial raised beach was being formed. 
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meter or so. Therefore differences in level of the land of only 
a very slight degree as regards these two localities can be at- 
tributed to variations in the extent and amplitude of the 
emergence. 

On the other hand, the question of a possible compaction of 
the clays and silts in the Larne region is considered a major 
factor. Praeger (1892, p. 226) states with reference to the 
“Estuarine” deposits at Maghermorne, situated on the western 
shore of the lough only 3 miles from Curran Point, that “the 
bed has probably a considerable area, and extends out into the 
sea, its surface slightly above low-water level. It would prob- 
ably still lie concealed . . . were it not for the steady advance 
of a high spoilbank from the adjoining chalk quarries, which, 
encroaching on the sea, has thrust the clay upward to a height 
of several feet above high-water mark all around its margin.” 
Thus these clays are known to have “slumped” and to have been 
compacted laterally during Recent times under the weight of 
quarry debris; certainly the figures discussed above would 
indicate that this or a very similar process was operating also 
in the past under the weight of marine gravels, sands and other 
beach deposits. Indeed the extreme toughness of this sediment, 


which increased markedly toward the basal layers of the pit 
at the excavated site, reflects the great pressure to which de- 
posit H must have been subjected by the time the emergence of 
the land was getting under way. On this basis, the possibility 
that the total measured height of the emergence at its maximum 
does not represent the true figure for the amplitude of this 
movement at the Curran Point locality cannot be ruled out. 


SUMMARY AND CONCLUSIONS 


The data relative to changes in the mutual relations of land 
and sea during Postglacial time in the Cushendun and Larne- 
Island Magee regions of North-East Ireland may be summarized 
as follows: 


1. Following the phase of relative emergence dating 
from Pre-Boreal—Early Boreal times (Zones IV and 
V and Sub-zone VIa), a comparatively rapid sinking 
movement was initiated during the interval of time rep- 
resented by Sub-zones VIb and VIc (Late Boreal Peri- 
od) in Ireland. The evidence from Cushendun indicates 
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that this amounted to about 7.40 m. (24 ft., 3° in.), 
while the figure for the Larne region is estimated to 
be approximately 10.20 m. (33 ft., 584 in.). Pa- 
leontological and paleobotanical data demonstrate 
that the first Postglacial expansion of warmth-loving 
forms occurred at this time. Early Larnian implements 
are found in secondary position in the coastal deposits 
which accumulated during this stage. 

2. By the beginning of the Atlantic Period (Sub- 
zone VIla), the sinking movement had almost come 
to a standstill; it reached its culmination—maximum 
for Cushendun, 7.90 m. (ca. 26 feet), and for the 
Larne region, 12.05 m. (ca. 3914, ft.)—during the 
time represented by the transition between Sub-zones 
Vila and VIIb (Atlantic/Sub-Boreal) in Treland.’” 
At the Curran Point locality, excavated in 1935, there 
is clear evidence of a slight secondary sinking move- 
ment during this interval amounting to 1.85 m. (ca. 
6 feet). The Postglacial climatic optimum was at- 
tained during the early portion of paleobotanical 
Sub-zone Vila; by the time of maximum sinking 


climatic conditions very similar to those of the present 
had been established. Deposits laid down at this time 


yield Late Larnian material in secondary position. 

3. The early portion of Sub-zone VIIb, after the 
movement of emergence had gotten under way, wit- 
nessed the introduction of a food-producing economy 
with the first arrival of Neolithic settlers in Treland 
toward the end of the third millenium s.c.’* Storm 


12 At Belfast (Praeger, 1888; 1892, p. 333-334; 1902; with Coffey, 1904, 
p. 152-153) there is a peat bed 1 ft., 6 in. to 3 ft. thick, which is both 
underlain and in turn overlain by littoral deposits. This bed was therefore 
formed near the then-existing O.H.W.L.; it dates from Sub-zone Via in 
Ireland (Charlesworth and Erdtman, 1935; Jessen, 1949, p. 136). The 
present position of this peat with respect to sea level indicates that a 
total sinking of at least 13.75 m. (ca. 45 feet) has taken place at the head 
of Belfast Lough. ‘ 

13 Actually the date for the transition from Atlantic to Sub-Boreal time 
is based on the archeological evidence. In Ireland several of the localities 
excavated by the Harvard Expedition have a direct bearing on this problem. 
At Newferry, County Londonderry (Movius, 1936; Jessen, 1936; 1949, p. 
122-123, 135, 137), a Neolithic development, known as the Bann Culture, 
began in Early Sub-Boreal times just above the transition between Sub- 
zones Vila and VIIb in terms of the pollen diagrams, and soon after 
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beaches containing very heavily rolled Late Larnian 
artifacts were being built up at this time. A slow 
emergence of the land continued during the develop- 
ment of the Early and Middle Bronze Age, which oc- 
curred in the later part of Sub-zone VIIb. At Cushen- 
dun the total extent of the emergence is 8.80 m. (28 ft., 
101% in.), but at Larne the figure computed on the 
basis of the 1935 data—5.28 m. (19 ft., 11 in.)— 
obviously should be corrected to allow for the com- 
paction factor, as discussed on p. 726-727. However, 
until this index has been computed by a specialist on 
engineering geology, it is possible only to suggest that 
the true figure should be of the order of 10.50 m. 
(34 ft., 584 in.) by comparison with the Island Magee 
and Cushendun evidence. This rough and ready meth- 
od indicates that the estuarine clay has been com- 
pacted by approximately 4.70 m. (15 ft., 414 in.), 
a figure which is considered to fall well within the 
range of probability by Dr. Terzaghi, in view of its 
present thickness of at least 6.00 m.'* The correction 


the beginning of the marine regression. That Neolithic settlers reached 
North-East Ireland shortly after the movement of emergence was under 
way is further supported by the evidence from Cushendun and Glenarm 
in County Antrim, and Rough Island in County Down (Movius, 1937, p. 
200-208; 1940a, p. 63-67; 1940b, p. 129-132). Now Jessen (1949, p. 246, 
and pl. 16), apparently following Brgénsted (1938, p. 129), feels that this 
important Atlantic-Sub-Boreal transition level may be placed as early as 
circa 3000 B.c. The present writer, however, is reluctant to accept such an 
early dating. Following Childe (1947, table 3, p. 333), who gives a date 
of circa 2300 s.c. for the Windmill Hill Culture; Fox (1943, p. 9), who 
estimates a maximum age of circa 2400 s.c. for Neolithic “A” in the Low- 
land Zone of Britain; Piggott (1949, p. 68), who believes the first agricul- 
tural settlements were established in southern England soon after 2500 B.c.; 
and Hawkes (1940, p. 142 and table 4), who suggests circa 2500 n.c. 
as a reasonable figure, and allowing for the inevitable time lag for the 
diffusion of this new economy to Ireland, it seems improbable that the 
Irish Neolithic could have begun much before the end of the third millenium 
B.c. (Movius, 1942, fig. 59, p. 255). In this connection, it is interesting to 
note that Glob (1952, p. 76) in his recent book on the Neolithic antiquities 
of Denmark gives a date of circa 2500 B.c. for the beginning of the Early 
Neolithic Period. 

14 The surface of the Postglacial marine deposits at section B in the 
Railway Cutting occurs at an elevation of 6.70 m. (ca. 22 feet) above 
O.H.W.L., or 2.25 m. (7 ft., 5 in.) higher than the corresponding level at 
the Harvard site. Since storm wave action has played only a very minor 
role as an agent conditioning the deposition of the Curran, the difference 
in elevation at the two localities cannot be attributed to this factor. Only 
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on this basis is indicated on the graph shown in 
figure 4. 

4. Shortly after the beginning of Zone VIII (Sub- 
Atlantic), when the Late Bronze Age began in Ireland, 
according to Jessen (1949, p. 161 and pl. 16), the 
land must have attained a level approximately 1.52 m. 
(5 feet) higher than that of the present with respect to 
O.H.W.L. A slight sinking movement, which appears 
to be still going on, has taken place during historic 
times, as shown on the graphs. 


On the basis of the above summary of the salient evidence 
from only three sites, the urgent need for detailed investigations 
of additional sections in North-East Ireland will be only too 
apparent. In this connection, the Island Magee and Belfast 
localities should be given a high priority. For, not only does 
the latter site demonstrate that there was a submergence of at 
least 13.75 m. (45 feet), as stated above, but also if Praeger’s 
section showing the lower, middle and upper Zones of the estua- 
rine clay, overlying a Sub-zone VIa peat, are plotted accurate 
ly on a graph, the resulting curve seems to provide very clear 
evidence for the occurrence here of differential movements of 
the Earth’s crust during the time of the submergence. If this 
should be confirmed by future research, it is likely that varia- 
tions in the density and weight of the Earth’s crust at different 
points along the Irish coast have contributed to local faulting. 
Thus it appears that the crustal recoil of the land in this region, 
ultimately consequent upon the recession of the ice sheets, not 
only resulted in general subsidence in areas peripheral to the 
centers of ice dispersal but also that they induced local pheno- 
mena with local movement in the regions thus affected. 

Subsequent to the beginning of Postglacial time, the crustal 
recoil was greatly accelerated as the land became liberated from 
its load of ice. Matter in depth was being squeezed into the 
formerly basined area—in this case northern Scotland—which 
began to rise. The extent of this uplift was greatest in the 
central part of the depressed region (Wright, 1937, fig. 127; 
0.91 m. (3 ft.) of estuarine clay was found near the base of the deposits 
at the Railway Cutting site; therefore, it is probable that the compaction 
of the silty and clayey deposits at the 1935 locality has been the major 


cause of the difference in height, although even the section B sediments 
must have suffered a certain amount of compaction. 
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Movius, 1942, fig. 7). But at the same time the seas were 
rising, too, and local faulting, resulting from the stresses of the 
more widespread crustal movements in the area peripheral to 
the Scottish Highlands, was taking place. As Daly (1934, p. 
53) has stated, the history of deleveling is due to the extremely 
complex interplay of several factors: (a) crustal recoil of the 
land; (b) eustatic rise of sea level; and (c) regional altera- 
tions in the form of the sea level itself (discussed on p. 704- 
706); as well as a fourth factor, not listed by Daly, consisting 
of (d) local differential movements resulting from local fault- 
ing. Indeed, as von Post (1952) has shown in the case of 
Sweden, the fact that such regional crustal movements, ap- 
parently of variable amplitude, must be reckoned with, in ad- 
dition to the interaction of isostatic and eustatic factors, often 
leads to a very complex situation. 

Now it is unlikely that the actual amount by which the sea 
level rose during Early Postglacial time (i.e. since the begin- 
ning of the Finiglacial Stage in Scandinavia) was greatly in 
excess of 20 m. (651% ft.), according to Daly (1934, p. 52). 
On this basis, it is apparent that Godwin, who continually 
refers to a relative change in the mutual relations of land and 
sea in southern Britain and the North Sea (Dogger Bank) 
region of the order of 52 m. (170 ft.) as being due entirely 
to a eustatic rise of sea level, the major portion of which oc- 
curred during Late Boreal times (Godwin, 1943, p. 236; 1945, 
p. 63-67), has not considered the possibility that isostatic 
movements probably also took place well outside the limits of 
the area basined at the time of the last ice advance (Zeuner, 
1952, p. 40). Nevertheless, in his earlier papers Godwin has 
consistently maintained that both isostatic and eustatic factors 
have operated in the British Isles (Godwin, 1940a, p. 297; 
1940b, p. 397; 1941, p. 356-357), just as they did in Seandi- 
navia.'® Actually, however, there has been a widespread tilting 

15 Recent investigations in southern Sweden (von Post, 1938; Florin, 
1944) and western Norway (Faegri, 1943, p. 36-50) have shown that the 
Postglacial fluctuations of level due to temporary resubmergence of the 
isostatically uplifted area, resulting from concomitant crustal move 
ments (von Post, 1952), are extremely complex. Further north in the Gulf 
of Bothnia, where the rate of the regression has been studied by Lidén 
(1938) and Hyyppaé (1937, p. 195-201), the local differential uplift during 
the last 40 years shows a tendency to vary more than is the case in the 
rate of the whole emergence, which has lasted at least 12,000 years 
(Sauramo, 1939a, p. 9). According to Sauramo (1939a, p. 14) the actual 
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away from the centers of the glaciated tract—one in northern 
Europe and a second one in central Scotland—the entire area 
affected having been strongly updomed. In this manner the flow 
of magma in the subcrustal zone must have caused a general 
sinking in the entire area of the North Sea Basin, southern 
Britain, the Irish Sea Basin, and southern Ireland. In addition, 
local faulting in North-East Ireland appears to have resulted 
from the stresses of these more widespread crustal movements. 
This region has also been affected by the updoming movement 
referred to above. 

The strong probability that both eustatic and isostatic fac- 
tors were operating together during a large part of the Early 
Postglacial Stage is indicated by the comparatively rapid na- 
ture of the submergence, which is clearly shown by the Cushen- 
dun and Island Magee sections discussed in this paper. For it 
is considered improbable that a relatively sudden sinking of 
7.40 m. in one case, and 10.20 m. in the other can be accounted 
for adequately on the basis of eustatic factors alone.’® Further- 
more, the evidence from Belfast provides a good indication of 
the fact that this movement was in reality of the order of 
approximately 14 m. (ca. 46 feet), as indicated on the graphs 
shown in figure 4. Following this movement there was a slow 
but steady eustatic rise possibly amounting to as much as 2 m. 
During this interval, beaches subsequently raised above sea 
level by continued isostatic movement were formed. But the 
intensity of this uplift movement decreased markedly toward 
the south, as shown by the position of the O-isobase of the 
Postglacial raised beach (fig. 3: inset). Finally, in historic 
times there has been a small amount of eustatic transgression 
of just over 1.50 m. Thus the Early Postglacial marine trans- 
gression in northeastern Ireland is considered to have been 


velocity of the uplift in southern Finland indicates that the recent move- 
ments of the Earth’s crust in this region must be conceived of as having 
been of the magnitude of earthquakes. In any case, as this authority has 
clearly stated, the relative changes of level during Late Glacial and Early 
Postglacial time throughout northern Europe have been caused “partly 
by the eustatic rise of the sea-level, partly by the isostatic upheaval of 
the earth’s crust” (Sauramo, 1939b, p. 60). 


16 Differences with regard to the figures for the amplitude of this move- 
ment arise mainly from the fact that the height of the original old land 
surface, which was transgressed by the sea during the early stages of the 
submergence, differed considerably at each site that has been investigated. 
However, this does not affect the trend of the graphs at any given locality. 
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caused by a eustatic rise in sea level, which for a period of 
several millenia overtook the progressive recovery of the land 
in that region, following the general depression of Late Glacial 
time. To further complicate the picture, it seems probable 
that superposed on the isostatic and eustatic pattern of wide- 
spread fluctuations we have also to reckon with differential 
crustal movements of local origin. 

The evidence secured to date shows that the combination of 
factors determining control of the movements affecting the 
mutual relations of land and sea is so complex that, until a 
very great deal of additional material is available, it is doubtful 
if the two can ever be disentangled on an objective basis, in 
‘ases where both have operated simultaneously. At present all 
one can do is to express an opinion concerning which factor 
eustasy or isostasy—has in all probability been dominant in 
a given instance. In so far as the present paper is concerned, 
an attempt has been made only to establish the relative position 
of land- and sea levels in North-East Ireland during Postglacial 
time. When a series of such curves is available covering a wider 
range of localities in this region, as well as other parts of 
northwestern Europe, it may be possible to resolve the move- 


ments in question into their component factors. In this regard, 
detailed investigations of changes of level at Early Postglacial 
coastal localities in Scotland and northern Britain along the 
lines proposed by Godwin (1940b, p. 397) would provide in- 
teresting material for comparison. Furthermore, many of the 
Scottish localities are extremely rich from an archeological 
point of view. 


The results of Jessen’s paleobotanical investigations in 
North-East Ireland (Jessen, 1949, p. 125-144, 228-230) con- 
firm Godwin’s conclusions based on a study of the coastal 
peat beds of the North Sea region (Godwin, 1945, p. 63, 67; 
Conway, 1945, p. 220), namely, that we must abandon the con- 
cept that the beginning of the Atlantic Period witnessed the 
development of an extensive and widespread marine transgres- 
sion. For, in reality, the major part of this movement had 
already occurred prior to the Boreal/Atlantic Transition 
(B.A.T.) horizon, and it is only the culmination of the move- 
ment that took place toward the end of Atlantic time. Further- 
more, the climatic optimum had passed in North-East Ireland 
at least a thousand years before the maximum of the transgres- 
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sion was attained. Prior to this submergence the greater part 
of the area now covered by the Irish Sea must have been dry 
land. As pointed out elsewhere (Movius, 1942, p. 88), the 
20-fathom isobath (implying that the sea was 120 feet, or ca. 
36.50 m., lower than at present) would result in the establish- 
ment of a partial land bridge between southwestern Scotland 
and North-East Ireland. Since Godwin (1940a, p. 287; 1941, 
p. 355; 1943, p. 234-245) has demonstrated a net relative 
sinking of some 170 feet, or 52 m., for the North Sea (Dogger 
Bank) region during roughly the same interval of time, this 
figure seems quite reasonable, although there is as yet no direct 
proof that the transgressive movement in the Irish Sea basin 
amounted to more than 46 feet (14 m.). However, there are 
a good many indications that the 20-fathom figure is sub- 
stantially correct. On this basis, one can attempt to reconstruct 
the conditions in the area at this time—an important considera- 
tion since it was during the Early Boreal Period that the first 
immigrants arrived in Counties Antrim, Londonderry and Down 
from Britain. The low coastal belts were at that time consider- 
ably extended, and nearly the entire area between Inishowen 
and Islay must have been dry land.’* At no stage, however, 
did the whole area constitute an unbroken land bridge, since 
even during the maximum of the emergence, the sea was present 


in a long narrow estuary or “river,” 


which received the drain- 
age of the surrounding land (Charlesworth, 1930, p. 386). The 
partial connection was broken, and although large tracts of 


what is now dry land were submerged, conditions substantially 
like those of the present day resulted from the Postglacial marine 


transgression. When the partial connection with Scotland was 
severed, the present coastlines were established in all essential 
respects. In some cases these features were somewhat inland 
with respect to their present position, especially in the case of 
various bays and inlets, but this situation was rectified once 
the movement of relative emergence got under way during Sub- 


17 Compare Charlesworth, et al., 1935, p. 483. The present-day ranges 
of the species of Lepidoptera common to Britain and Ireland further 
indicate the former existence of the partially complete land bridge between 
Islay, in the west of Scotland, and Inishowen in County Donegal, accord- 
ing to Ford (1945, p. 309-324) and Beirne (1943, p. 47; 1947, p. 355; 
Charlesworth, 1950, p. 66; Deevey, 1949, p. 1348-1350). This fact is likewise 
confirmed by the distribution of the bats found in both areas, as Beirne 
(1948) has shown, thus supporting the bathymetric data (Hull, 1912, p. 7 
and pl. 1). 
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Boreal times. As previously stated, it was at this time (ca. 
2200 p.c.) that the first Neolithic settlers reached the shores 
of North-East Ireland. 

So many variables are involved in determining measurements 
of changes of level that perhaps it will seem that their degrees 
and complexities are such as to vitiate the computations them- 
selves and to preclude the formulation of even tentative con- 
clusions regarding the amplitudes of the movements in question. 
But this is far from being the case. Although there is much 
that cannot be explained on the basis of the existing data, the 
broad picture as regards the relative movements of the land with 
respect to the sea during the Postglacial Stage in North-East 
Ireland has been known since 1904 (Coffey and Praeger, 1904, 
pl. 5), and recent work has served only to close in a few of 
the most obvious gaps. 

On the basis of the figures discussed in the text, the measure- 
ments of changes of level during the Postglacial Stage in North- 
East Ireland may be summarized as follows: 


(a) Submergence—approximately 45 feet.'* 


Cushendun 7.90 m., or 25 ft., 115¢ in. 


Larne-Island Magee 12.05 m., or 39 ft., 6% in. 
Belfast (see p. 728) 13.75 m., or 45 ft., 114 in. 


Emergence—approximately 30 feet to about H.W.L. 

Cushendun 8.80 m., or 28 ft., 101% in. 

Larne—Island Magee 10.51 m.,'” or 34 ft., in. 
At the time of the maximum emergence the surface 

of the Postglacial marine deposits (deposit B) at 

Cushendun stood at 8.82 m. (ca. 29 ft.) above H.W.L., 

while the corresponding level in the Larne region is 

computed to have been approximately 10.67 m. (ca. 

35 ft.) with respect to H.W.L. 


Recent sinking—approximately 5 feet at all localities. 
Present elevations of surface of marine deposits above 
H.W.L. computed to be as follows: 
Cushendun 7.40 m., or 23 ft., 1014 in. 
Larne (Harvard Site) 9.15 m.,”" or ca. 30 ft. 
18 It is interesting to note that this figure decreases from south to north— 
toward the center of greatest isostatic uplift. 


1° This figure allows 4.70 m. for the compaction factor (see p. 729). 
20 Actual height at present: 4.45 m., or 14 ft., 7% in. 
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UNIT CELL DIMENSIONS OF CLINOEN- 
STATITE AND PIGEONITE IN RELATION 
TO OTHER COMMON CLINOPYROXENES.* 


H. KUNO AND H. H. HESS! 


ABSTRACT. The X-ray diffraction patterns of clinoenstatite and pigeon- 
ite are given and their similarity pointed out. The gradual change in unit 
cell dimensions from clinoenstatite to pigeonite, pigeonite through sub- 
calcic augite, and augite to diopside, and finally from diopside to heden- 
bergite are demonstrated. All clinopyroxenes have the same structure as 
diopside. By measurement of unit cell dimensions and optical properties 
it seems probable that the chemical composition of clinopyroxenes may be 
fairly accurately determined. 


INTRODUCTION 


O* the monoclinic pyroxenes in the field clinoenstatite-diop- 
side-hedenbergite-ferrosilite only the structure of diop- 
side has been determined (Warren and Bragg, 1928). Of parti- 
cular interest to petrologists is the structural relationship of 
clinoenstatite to the pigeonites and secondarily of this group 
to the more Ca-rich clinopyroxenes. The key to the problem 
seemed to lie in an understanding of the structure of 
clinoenstatite. 
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CLINOENSTATITE 


The powder diffraction pattern of clinoenstatite using both 
Cu and Fe radiation was recorded. The diffraction lines were 
indexed assuming the same space group as had been determined 
* Princeton Investigations of Rock-forming Minerals No. 8. 

1 Pigeonite-augite series measured by Kuno; clinoenstatite-diopside-heden- 


bergite series measured by Hess. 


741 


91s (6¥61) ‘sISATRUY 


peysyjqndun ouny 


tmensions 


pue 


“9 = pue y goo F A[qeqoid Jo 


6 6¢6'8 8Z8'8 


BSOLII apisdoig Ig g 


~ 
= 
~ 
~ 
~ 
~ 
S 
= 
~ 


[ 


~ 
| | 
| 
| 
i~ 
| 
| 
| 
> | 
> = 
N 
» 
— 
i. 
| 
| 
aA | 
| 
a> 
| | 
| | | 5 
a< 
eo eo | NO +e 


of Clinoenstatite and Pigeonite 743 


for diopside, C%,,. The unit cell dimensions resulting from 
these observations are given in table 1. The methods and 
constants used are the same as those given in Hess (1952). 

On the basis of the above unit cell values, for clinoenstatite 
dix: Values for about 100 planes were calculated and are com- 
pared to the observed values. In table 2 it can be seen that a 
good agreement has been obtained between calculated and ob- 
served values. The intensities of the observed lines also agree 
reasonably well with those observed for diopside. There are 
only six unidentified lines in the pattern and all but one are 
weak. All have relatively small 2 @ values. The value d = 
4.281 could possibly fit d ,; and the value d = 4.052 could 
similarily be do, ). If so, these would be the only cases of an 
Okl plane with k odd or an hkO plane with h + k odd. The 
other four could not be indexed at all. Five of these six lines 
also appear in Atlas’ (1952) table of d values for clinoenstatite. 
All of them could be attributed to enstatite impurities in the 
sample which seems to be the explanation. 

The difference between our unit cell dimensions and those 
given by Atlas (1952) is related to the choice of which plane 
shall be designated as {001} and hence the value for B. The 
controlling factor in choosing this value is that the {001} be 
the analog of {001} in the diopside. In his choice Atlas seems 
to have been influenced by the value of 8 for clinoenstatite 
given in Winchell (1939)—8 = 87°36’. This value probably 
came from Wright’s and Larsen’s measurement of a clinoen- 
statite crystal (Allen, White, Wright and Larsen, 1909) in 
which they gave B as 87°26’. The crystal face which Wright 
and Larsen measured was possibly {102}. 

The above relationships can be demonstrated by tracing the 
variations of the various diffraction lines across the composition 
field of the clinopyroxenes to diopside. Diopside-hedenbergite 
pyroxenes have a good basal parting defining {001}, 8 for 
diopside being 74°10’. Augites and subcalcic augites have 
exsolution lamellae Il {001} and the 8 angle is close to 74°. 
It is only a small jump from Ca-poor augite to pigeonite which 
also has exsolution lamellae on {001} with £ slightly smaller 
(8 = 71.5° from X-ray results). By X-ray diffraction patterns 
it is possible to trace the various lines from the pigeonites to 
clinoenstatite by which we arrive at our value for {001} and 
B = 71° 3814". Atlas’ value 8 is such that his {001} then 
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Fig. 1. Records of X-ray powder diffraction patterns of clinoenstatite 
and pigeonites. 


becomes exactly our {102} morphological plane by calcula- 
tion. Our {001} undoubtedly is the analog of {001} in diopside, 
and ours we believe is the unit cell which should be chosen to 
be consistent with diopside. 


PIGEONITES 
For comparison with clinoenstatite the main lines of pigeonite 
from Yumoto Hakone volcano are given in table 2. There are 
two unidentified lines in the pattern corresponding to unidenti- 
fied lines in the clinoenstatite pattern. Both lines are weak. The 
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Fig. 2. Records of X-ray powder diffraction patterns of clinoenstatite, 
diopside, and hedenbergite. 


8 angle for two pigeonites measured was found to be near 711/,°. 
Figure 1 is a graphic presentation of records from 2 6 = 34° to 
26 = 47° (Fe radiation Mn filter) for clinoenstatite, pigeonite 
from Yumoto and pigeonite from Usugoya-Zawa, Hakone vol- 
cano. This permits visual comparison of the variation of the 
positions and intensities of the peaks with changing composition. 
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Fig. 3. Records of X-ray powder diffraction patterns from St. Lawrence 
diopside through augite and subcalcic augite to Yumoto pigeonite. Com- 
positions shown in figure 6. 
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St. Lawrence diopside. 
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OTHER CLINOPYROXENES 


Figures 2, 3, 4 and 5 similarly portray the changes across 
the field from pigeonite to diopside and diopside to hedenbergite. 
With this much information an approximate diagram may be 
drawn to show variations in unit cell dimensions for the whole 
clinopyroxene field (fig. 6). It is evident from this figure that 
determination of chemical composition of the major constituents 
Mg, Fe and Ca is possible by X-ray analysis. The effects on the 
unit cell of Al**, Fe**®, Tit* and Na*! will have to be deter- 
mined before precision can be expected from such determina- 
tions. When such an investigation has been completed it may be 
possible to estimate not only the amounts of major constituents 
but also the four minor constituents by combining X-ray and 


Diopside 


Hedenbergite 
St Lawrence Co. Herault 
© Yagurozowa- 

toge 


© Aworado-toge 


Osima 


° ° 
Mull 
Usugoyo-zowo Yumoto 


Ferrosilite 
Clino Enstatite MOL.% 


27' 
€5.239 5.251 


Fig. 6. Upper diagram shows compositions of clinopyroxenes used in 
investigation, and lower diagram the variations in unit cell dimensions. 
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optical methods. Figure 6 even in its present form is convenient 
for a first approximation in indexing clinopyroxene X-ray dif- 
fraction patterns. 

It may be expected that with refinement of the X-ray data, 
effects related to the environment at the time of crystalliza- 
tion and to the post-crystallization history may become evident 
as in the case of the orthopyroxenes. 


The results embodied in this paper support the conclusion of 
Wyckoff, Merwin and Washington (1925) that the structures 
of all clinopyroxenes are similar. 
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FOUR NEW SPECIES OF FOSSIL 
PEDIASTRUM 


L. R. WILSON AND W. S. HOFFMEISTER 


ABSTRACT. Four new species of fossil fresh-water algae belonging to 
the genus Pediastrum are described from the Lower Formation (Paleogene) 
of southern Sumatra. The fossils were recovered from a well core sample 
by boiling chips of the black fissile shale in hydrofluoric acid. The species 
occur in abundance associated with fossil spores and pollen. Until the 
Sumatra discovery Pediastrum was not known in the fossil state earlier 
than the Pleistocene. 


INTRODUCTION 


URING the course of microfossil studies of a well core 

from Sumatra many specimens of the genus Pediastrum 

were found in the upper part of the Lower Formation. This 

Tertiary Formation is of Paleogene age and probably Eocene. 

The core was recovered from a depth of 3069 feet in the Kaja 

No. 1 well located approximately 3 kilometers east of the Djirak 
Field in southern Sumatra. 

The fossils were separated from their black fissile shale matrix 
by boiling small chips in 52 percent hydrofluoric acid. Sub- 
sequently, the residue was stained with methylene blue and 
mounted in glycerine jelly. 

The mounts contain, in addition to the wealth of Pediastrum, 
many spores, and pollen of terrestrial plants that grew adjacent 
to the fresh water in which the algae thrived. The principal 
spores represented are of fungi, Aneimia, Lygodium, Laevigato- 
sporites, and Granulati-sporites, the pollen belong to Cycado- 
pites, Carya, Ilex, Metrosideros, and unknown monocolpate, 
tricolpate, tricolporate, tetradopate, and acolpate types. 

A search of literature was made to ascertain the extent to 
which Pediastrum is preserved in the fossil state, but no record 
could be found of the occurrence of the genus in sediments 
older than those of postglacial age. Faegri and Iversen (1950, 
p. 122) note in northern Europe the presence of Pediastrum in 
the fresh-water sediment known as gyttja. Dr. G. W. Prescott 
(written personal communication) has found this alga in deep 
water sediments of Douglas Lake in northern Michigan. Since 
the discovery of the Sumatra material a search of the Tertiary 
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fresh-water shales should reveal this and other genera in many 
localities. 


West and Fritsch (1932) describe Pediastrum as being a 
free-floating coenobium consisting of a single layer of individuals 
except rarely when there is a double layer of coenocytes in 
the center of the coenobium. The coenocytes are usually ar- 


ranged in distinct rings around a central individual with the 
numbers in each ring occurring often in fairly constant ratios. 
The coenocytes may occur closely united or in such manner 
that perforations of variable sizes and shapes exist between 
them. The marginal coenocytes usually differ in shape from the 
inner coenocytes and may have a single, or a pair of diverging 
processes. Species are distinguished mainly on the form and 
arrangement of the central and marginal coenocytes, or on 
the character of the membranes. Considerable variation exists 
within some species and many varieties have been described. 

There appear to be four distinct and abundant Pediastrum 
species in the Sumatra well core. These have been compared 
with Brunnthaler’s (1915) descriptions and resemble most 
closely P. clathratum, P. simpler, P. Boryanum and P. duplea. 
All differ sufficiently, however, from the above species to war- 
rant their specific descriptions. 


DESCRIPTION OF SPECIES 


Division Chlorophyta 

Class Chlorophyceae 

Order Chlorococcales 
Family Hydrodict yaceae 


Pediastrum kajaites sp. nov. 


Coenobium a monostromatic plate of coenocytes usually 16 
in number but coenobia of 8 and 32 coenocytes occur, arranged 
in rings of 5 and 11, or 4, 11, and 17; central coenocyte not 
present; perforations triangular or quadrangular only slightly 
smaller than the inner coenocytes; inner coenocytes hexangular, 
sides in contact with adjacent coenocytes approximately one- 
half the length of those bordering perforations, membranes 
slightly rugose ; marginal coenocytes essentially triangular, high- 
er than broad, conjunctive sides approximately equal to the 
basal; processes bifid, occasionally not, both types usually oc- 
curring in same coenobium; coenobium diameter 69 to 155 


Text Figs. 1-4 
Drawings prepared from photographs of the holotypes 
Fig. 1. Pediastrum kajaites sp. nov. 
Fig. 2. Pediastrum paleogeneites sp. nov. 
Fig. 3. Pediastruin bifidites sp. nov. 
Fig. 4. Pediastrum delicatites sp. nov. 


microns; inner coenocyte diameter 10 to 23 microns; marginal 
coenocyte at widest point 10 to 27 microns, height exclusive 
of processes 13 to 27 microns, length of processes 3.3 to 6.6 
microns, width of processes at base 1 to 2 microns. Holotype: 
Ser. No. 10823-P.1. Plate 1, fig. 1, and text fig. 1. Kaja 
No. 1 well, southern Sumatra. 
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Comments: This species appears to be most closely related 
to P. clathratum (Schroeter) Lemmermann, and to P. simplez, 
var. duodenarium. P. kajaites is exceedingly abundant, thus 
providing a good opportunity to observe the range of growth 
form in the species. The extent of this variation is shown in 
the several figures on plate 1. Many minute crystal-like struc- 
tures have been observed within the fossils and may represent 
a type of mineralization. 


P. paleogeneites sp. nov. 


Coenobium a 2-layered plate of coenocytes probably 32 or 
more in number, arranged in a compact form, no perforations 
present; inner coenocytes hexangular, sides approximately 
equal, membranes slightly pitted; marginal coenocytes essential- 
ly pentangular, usually longer than broad, membranes slightly 
pitted; processes single, linear, pointed, or minutely tipped, 
rarely bifid; coenobium diameter 66 to 139 microns; inner 
coenocytes 5 to 17 microns; marginal coenocytes at widest point 


Photomicrographs of fossil Pediastrum from Sumatra. 


Figs. 1-6. Pediastrum kajaites sp. nov. 
Fig. 1, holotype (Ser. No. 10823-P. 1) showing 5 innermost and 11 
marginal coenocytes with double and single processes; diameter 132 
microns. Fig. 2, specimen (Ser. No. 10861- P. 7) with innermost, 11 inner 
and 17 marginal coenocytes, the last with double and single processes; 
diameter 155 microns. Fig. 3, specimen (Ser. No. 10848-P. 5) having 8 
coenocytes; diameter 115 microns. Fig. 4, specimen (Ser. No. 10843 - 
P. 4) similar to figure 1 but more slender; diameter 106.5 microns. Fig. 
5, specimen (Ser. No. 10853-P. 5) similar to figure 2 but showing better 
detail, the innermost ring with 4 coenocytes, several marginal coenocytes 
with single processes; diameter 138.6 microns. Fig. 6, specimen (Ser. 
No. 10847-P. 5) specimen similar to figures 1 and 4 but smaller; 
diameter 79.2 microns. 

Figs. 7-8. Pediastrum paleogencites sp. nov. 
Fig. 7, holotype (Ser. No. 10899-P. 16) showing single processes on 
marginal coenocytes, also compact and irregular arrangement of inner 
coenocytes; diameter 89.1 microns. Fig. 8, specimen (Ser. No. 10897 - P. 2) 
larger than holotype; diameter 138.6 microns. 

Figs. 9 and 12. Pediastrum bifidites sp. nov. 
Fig. 9, holotype (Ser. No. 10865-P. 8) the marginal coenocytes each 
with 2 long processes; diameter 92.4 microns. Fig. 12, specimen (Ser. 
No. 10863-P. 8) well-preserved fragment showing marginal coenocytes 
and processes; diameter 100 microns. 

Figs. 10 and 11. Pediastrum delicatites sp. nov. 
Fig. 10, holotype (Ser. No. 10902- P. 19) 5 innermost, 11 inner, probably 
16 marginal coenocytes with double processes; diameter 79.2 microns. 
Fig. 11, specimen (Ser. No. 10903-P. 20) with uncollapsed marginal 
coenocytes; diameter 66.6 microns. 
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7 to 20 microns, height exclusive of process 10 to 20 microns, 
length of processes 2 to 10 microns, width of processes at 
base 2 microns. Holotype: Ser. No. 10899 - P. 16. Plate 1, fig. 
4, and text fig. 2. Kaja No. 1 well, southern Sumatra. 

Comments: This species is superficially like P. simplea, 
(Meyen p. p.) Lemmermann. Somewhat less abundant than P. 
kajaites. The preservation is only fair and no specimen was 
found that would permit critical study of the entire plant as 
an entity. The inner coenocytes are usually collapsed or dis- 
integrated. Mineral particles within the coenocytes frequently 
give the aspect of coenobium perforations. A suggestion of 
this is apparent in figure 7 of plate 1. 


P, delicatites sp. nov. 


Coenobium a single plate of coenocytes 16 to 32 in number, 
arranged in rings and separated by triangular and rectangular 
perforations ; central coenocyte absent; inner coenocytes shaped 
like marginal, membranes smooth to slightly rough; marginal 
coenocytes nearly rectangular, wider than high; processes two, 
sharply triangular approximately one and one-half times longer 


than broad, arising contiguously; coenobium diameter 66 to 
80 microns; inner coenocyte width 6 to 10 microns; marginal 
coenocytes at widest point 7 to 10 microns, height exclusive 
of processes 3 to 8.3 microns, length of processes 3.3 to 6.6 
microns, width of processes at base 3 microns. Holotype: Ser. 
No, 10902 -P. 19. Plate 1, fig. 10, and text fig. 4. Kaja No. 
1 well, southern Sumatra. 

Comments: This fossil species superficially resembles P. 
duplex Meyen. The preservation of the fossils is fair, disintegra- 
tion appears usually to proceed from the center of the coenobium 
outward, frequently leaving only the marginal coenocytes intact. 


P. bifidites sp. nov. 


Coenobium a single plate of coenocytes, usually 16 in number 
arranged in compact rings, perforations absent; inner coeno- 
cytes usually hexangular, sides approximately equal, membranes 
slightly pitted; marginal coenocytes somewhat rectangular to 
hexangular, wider than high, membranes somewhat pitted; 
processes two, spine-like, arising at outer coenocyte angles; 
coenobium diameter 82 to 93 microns; inner coenocyte diameter 
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10 to 20 microns; marginal coenocytes at widest point 20 to 33 
microns, height exclusive of processes 13 to 17 microns, length 
of processes 13.2 microns, width of processes at base 3.3 microns. 
Holotype: Ser. No, 10865 - P. 8. Plate 1, fig. 9, and text fig. 
3. Kaja No. 1 well, southern Sumatra. 

Comments: This species somewhat resembles P?. Boryanum 
(Turpin) Meneghini. Most fossil specimens show considerable 
destruction and collapse of the coenocyte walls. The central 
area usually disintegrates first. The two illustrations show 
extreme range of form. 


DISCUSSION 


The rock from which Pediastrum was extracted is a black 
organic fissile shale with fine partings of brown coal. The oc- 
currence of Pediastrum and the other fossils noted above sug- 
gest that the deposit was laid down in an environment not unlike 
that of some present-day ponds and boggy lakes. 

The presence of Pediastrum fossils in Tertiary strata is to 
be expected, for its relatively primitive morphology would sug- 
gest greater antiquity than the Pleistocene from which it is 
known. Today it is a common member of fresh-water plankton 
floras and frequently occurs in such abundance as to form a 
bottom Pediastrum gyttja. Sediments of this nature and environ- 
ment should easily lithify and become shales. During Tertiary 
time many similar shales must have been formed associated with 
the extensive coal deposits. It is conceivable that when these 
fresh-water shales are investigated Pediastrum and many other 
algae will be discovered. The Cretaceous shales should also be 
examined for them. 


The four species of Pediastrum described here are easily dis- 
tinguished by their gross morphology. These characters are 
shown below in table 1. 


To determine the relative abundance of the several species 
a population count of 1000 fossils was made. Pediastrum 
kajaites was found to constitute 69.8 percent of the assemblage, 
P. delicatites 17. 2 percent, P. paleogeneites 8.7 percent, and 
P. bifidites 4.3 percent. At present these population percentages 
can indicate only the relative abundance of the various species. 
Though the fossils appear to have affinities with living species, 
it is not possible to state more concerning their ecology than 
that they were inhabitants of fresh water. 
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An Advanced Treatise on Physical Chemistry. Vol. III. The 
Properties of Solids; by J. R. Partinaron, Pp. lx, 639; illustrated. 
London and New York, 1952 (Longmans, Green and Co., Ltd., 
$14.00).—The latest volume of Professor Partington’s ambitious 
undertaking is written frqm the same viewpoint as the earlier 
ones, which were previously reviewed in this Journat (Vol. 
248, pp. 444-446, 1950; Vol. 250, pp. 389-90, 1952). There is the 
same emphasis on the historical development of the problems, as 
well as upon the latest investigations; the same extensive documen- 
tation (there are 15,511 references cited in the present volume) ; 
and the same inclination to emphasize experiment while at the same 
time including an adequate review of the theory which attempts 
to explain them. 


The primary subject of this volume is the solid state, and thus 
it may well be of greater interest to geological scientists than were 
its predecessors. The treatment will also appeal to chemists because 
of the inclusion of many properties which are ordinarily unfamiliar 
to them. Although the familiar topics such as geometrical and 
X-ray crystallography, specific heats of solids, and lattice energies 
are included, much more attention is paid to such problems as 
elastic properties, tensile strength, hardness, thermal expansion, 
and thermal conductivity than is customary in works on physical 


chemistry. The mathematical treatment is also extended by the 
inclusion of sections on vector and tensor analysis, almost essential 
tools in the study of crystallography and elasticity ; on the complex 
variable; and on the calculus of variations. 


On the other hand, the treatment of modern solid state physics is 
much weaker than might have been expected from the caliber of 
the previous volumes. The discussion of the band theory of solids, 
and of other applications of valence theory to the solid state is most 
cursory, as is that of lattice imperfections, in spite of the importance 
of these concepts in many problems in solid state chemistry, while 
semiconduction, and semiconductors are not mentioned at all. The 
discussion of some of these topics may, of course, simply have been 
deferred to the following volume, which is to deal with the electrical 
and optical preperties of matter. 


The empirical bias which has characterized Professor Parting- 
ton’s approach is much more obvious in this volume, and for the 
first time appears as a weakness rather than as an advantage. This 
reviewer found himself annoyed at times by the large number of 
empirical equations, and equations based on questionable theoretical 
assumptions, particularly since there were fewer of the trenchant 
critical comments of the sort which distinguished the earlier vol- 
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umes. In some cases, too, the presentations of the best theories are 
so condensed as to become confusing. 

In judging the book, however, emphasis should be laid on what 
it contains, and not on what it omits, on its strengths, and not on 
its weaknesses. On this basis it may be strongly recommended not 
only to those with a general interest in all physical chemistry, who 
will find in it a great deal of useful information, making it a worthy 
successor to the previous volumes, but also to all scientists who need 
a comprehensive description of the classical physics of the 
solid state. HENRY C. THACHER, JR. 


Optical Crystallography, 2nd ed.; by Ernest E. Wantstrom. 
Pp. viii, 247; 217 figs. New York and London, 1952 (John Wiley 
& Sons, Inc., and Chapman & Hall, Ltd., $4.50).—The second 
edition of this useful and widely known book contains some note- 
worthy improvements over the earlier edition, published in 1943, 
and yet follows the same basic pattern, which is a sound one. In 
the main, the author has held to his primary objective, “to review 
the principles of optical crystallographic theory,” and has avoided 
the inclusion of determinative tables and descriptive data that are 
readily available in other publications. Further, he has wisely con 
fined his presentation to those aspects of the subject that are of 
greatest potential value to the microscopist, and in most instances 
has achieved a nice coordination between theory and method. The 
general approach to the theoretical topics is geometric rather than 
mathematical, but is nonetheless rigorous. 

It should be recognized that the sturdy soul who attempts to pre- 
pare a thoroughly satisfactory textbook in the field of optical 
crystallography faces a formidable task. Many of the concepts are 
difficult to present in readily understandable form, and their in- 
terdependence makes the most careful organization a practical 
necessity. Although it is theoretically possible to prepare accur- 
ate, informative illustrations, as well as text discussions that are 
wholly clear and free from error and ambiguity, few authors have 


been successful on this score. Indeed, few appear to have enjoyed 
complete understanding of all the points they have attempted to dis- 
cuss, and some American textbooks reflect such shortcomings to an 
alarming degree. Happily, the book under review does not appear 
to be one of these. 


In preparing the new edition of his book, the author has shown 
real digestive capacity with respect to the comments of earlier re- 
viewers, critics, and congenital snipers, and he has put many of 
these comments to excellent use. Much of the text has been rewritten 
and expanded, with an attendant increase in general clarity. Many 
errors, both major and minor, have been corrected, in some in- 
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stances by the ingenuous method of merely eliminating the offending 
sentence or paragraph. Simple changes of wording have improved 
many of the important passages, and the entire text has been 
sharpened by numerous changes in organization. Judicious use of 
italics continues to point up the statements of greatest significance. 

The book still is not wholly free from statements that are in- 
correct or carry unfortunate implications, It would eliminate con- 
fusion, for example, to substitute the word “systematically” for 
“progressively” in describing the variation of index of refraction of 
an isotropic substance with the wave length of the transmitted 
light (p. 56, 58). The equation for the ellipse is in error as given 
on page 111. And quite incorrect is the statement that when light 
falls on a uniaxial crystal in a random plane of incidence, one com- 
ponent of this light vibrates within the crystal in a plane normal 
to the optic axis (p. 80); instead, the vibration direction is normal 
to the optic axis, but in the general case the plane of vibration is 
not. Such statements as these are bothersome to the student or 
other critical reader, but fortunately are matters of detail; indeed, 
the text is little marred by the untidiness of thought that is so 
plainly exposed in several other well known books on the subject. 

Minor changes in organization might improve the book further 
as a teaching aid. For example, geometric representation of light 
within uniaxial crystals could be introduced more effectively by 
means of the ray-velocity surface, which is far more easily visual- 
ized and understood by the beginning student than is the indicatrix. 
On the other hand, it can be agreed that the indicatrix should be 
dealt with first in the case of biaxial crystals! Huygenian con- 
structions are effectively used to demonstrate the passage of light 
through uniaxial crystals (p. 76-81), but the value of this pre- 
sentation could have been heightened by inclusion of the indicatrix 
along with the ray-velocity surface. The interrelation of these sur- 
faces should be demonstrated at every reasonable opportunity. 
Further care might be shown, too, in emphasizing the distinction 
between light wholly within a crystal and light striking a crystal 
at an interface. The discussion of extinction angles still seems much 
too abbreviated, especially because this general topic provides an 
excellent opportunity to relate the indicatrix to crystal directions 
in a truly meaningful way. It is only fair to point out, however, 
that the author does a remarkably good job of presenting such re- 
lations in connection with dispersion in biaxial crystals. 


A new addition to the book is an appendix, which comprises a 
revised list of selected references and an eight-page treatment of 
the universal stage method. The latter will be of little real help to 
the investigator who is interested primarily in technique, but it does 
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have value as an introduction to the general topic. Much more im- 
portant, it provides a good test of the reader’s grasp of crystal 
optics, and for this reason alone is a worthwhile addition to the book. 

No discussion of this book would be complete without mention of 
its most praiseworthy feature, the numerous exceptionally clear and 
instructive illustrations. In a field where many diagrams and 
drawings have been used repeatedly—almost traditionally, it would 
seem—with little or no change through the years, the author has 
introduced some refreshingly new approaches. Three-dimensional 
diagrams, many of them stippled or ruled for increased clarity, are 
provided to illustrate such features as path difference, rotary 
polarization, compensation with the quartz wedge, isotaques and 
skiodromes, dispersion, and proof of the law of Biot and Fresnel. 
Particularly good is the diagram that shows, for the general case 
in a biaxial crystal, the relation between a ray and its associated 
wave normals (p. 153); this is a tricky construction, and the pre- 
sentation here is one of the few clear and correct ones known to 
the reviewer. 

A few of the illustrations are not without fault. The student 
perhaps will benefit by identifying the minor errors in figure 2 
(p. 49), figure 8B (p. 50), figure 13A (p. 80), figure 1 (p. 113), 
figure 10 (p. 154), and figure 18 (p. 167). And figure 8, on page 54, 
makes a dismal showing among the many other illustrations that 
are accurate, whether simple or complex. 

In summary, this book is an excellent piece of work, and reflects 
great credit upon the author and publisher. It firmly establishes 
Professor Wahlstrom as a friend of the student who wishes to 
understand the fundamental concepts of crystal optics, thereby 
freeing himself from dependence upon the “‘cook-book”’ or “‘rule-of- 
thumb” methods so commonly used in work with the polarizing 
microscope. RICHARD H. JAHNS 


Einfiihrung in die Kristalloptik, 4th ed.; by E. Bucuwa.p. Pp. 
138 (4 x 6 inches); 121 figs. Sammlung Géschen No. 619. Berlin, 
1952 (W. deGruyter & Co., DM 2.40, paper cover).—This review 
of crystal optics is divided into four parts: I, Double refraction 
and polarization (55 pp.); II, Interference phenomena in polarized 
light (30 pp.); III, Optically active and absorbing crystals (15 
pp.); LV, Lattice optics for the visible spectrum (23 pp.). A short 
introduction, and an adequate index of 214 three-column pages add 
to its usefulness. The fourth part summarizes oft-neglected but 
important theoretical explanations of optical anisotropy such as 
that of W. L. Bragg (Proc. Roy. Soc., 1924) by considering the 
anisotropic crystal as a lattice-like array of interacting resonators 
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affected by the electromagnetic light waves passing through the 
crystal. 

Professor Buchwald’s introduction to crystal optics is sound and 
well written; to those familiar with the subject but not with the 
German language it is highly recommended for practice in reading 
scientific German, and to those familiar with the language it can be 
recommended as a short text of the subject. It would not be an 
adequate guide to the literature of crystal optics, however, since 
the references are limited both in number and in scope. 


HORACE WINCHELL 


Moderne allgemeine Mineralogie (Kristallographie ); by Werner 
Zowacki. Pp. vii, 64; 60 figs., Braunschweig, 1951 (Friedr. Vieweg 
u. Sohn, DM 5.80, paper bound).—Professor Nowacki’s goal, ex- 
pressed in his opening sentences, is to indicate the content, in- 
vestigational methods, and results of crystallographic research, 
so as to demonstrate its fundamental impact upon all the other 
sciences. This object is pursued with admirable clarity of ex- 
pression throughout the three sections, (1) crystal morphology 
(2) erystal physics, and (3) crystal chemistry. “Morphology” is 
extended to include structure, a much broader field than is usually 
implied in the English word. The extension is justified in so small 
a book where space cannot be afforded even for the luxury of 
systematics. 

This review would be incomplete without an appreciation of the 
numerous, excellent illustrations. The author has selected some of 
the world’s finest published crystallographic pictures; although the 
size is reduced in some cases, they give a most striking and pleasing 
effect when brought together in this way. 

The historical approach is used throughout, emphasizing both the 
early and the more recent practical and theoretical successes in the 
study of crystalline solids. Would that there were a translation in 
English to interest more students of physical science in this im- 
portant field! HORACE WINCHELL 


Practical and Experimental Geography; by W. G. V. Batcuin 
and A. W. Ricuarps. Pp. vii, 136; 73 figs. London and New York, 
1952 (Methuen & Co., Ltd., and John Wiley & Sors, Inc., $2.75 ).— 
This book describes and illustrates more than 60 original models 
and experiments to be used for classroom demonstrations and for 
student projects in physical geography. The bulk of the material 
in the book appears to be best adapted to primary and secondary 
school levels; however, many of the demonstration models could be 
used with advantage at the college level, particularly in intro- 
ductory courses in astronomy, geography, and geology. 
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The scope of the book is revealed by the major subdivisions in the 
book which are as follows: the Earth’s movements and some effects ; 
land forms; the atmosphere and the oceans; survey and map 
projections; and distribution maps and cartograms. Each subdivision 
contains from 7 to 20 separate plans to construct models and simple 
experimental equipment. The plans are not detailed and are de- 
signed to enable the reader to adapt the plans to whatever con- 
struction material is available. Most of the plans are illustrated by 
clear and well-executed line drawings. 

It is regrettable that the authors did not give a more useful 
classification of sedimentary rocks. Few geography teachers outside 
of the British Isles will find use for such terms as Gault clay, 
Millstone grit, Kentish rag, and Magnesian limestone. The _-efini- 
tions or descriptions of some of the rock types are also somewhat 
misleading. Many will wonder at the following definition of gabbro, 
“Similar to dolerite but deeper seated. A dark and heavy rock often 
containing iron ores (p. 52).”’ 

The word “experimental” usually connotes a technical treatment, 
and it is hoped that the title will not discourage the potential users 
of this small but useful and practical book. STANLEY N. DAVIS 


Lower Ordovician Trilobites from Western Utah and Eastern 
Nevada; by Lent F. Hintze. Utah Geol. Min. Survey Bull. 48. 
Pp. vi, 249; 2 figs., 28 plates. Salt Lake City. Date on cover Novem 
ber 1952, but actual date of publication February 10, 1953 (personal 
communication to Whittington from Dr. Arthur L. Crawford). 
(University of Utah, $4.00, paper cover).—The discovery and 
description, in recent years, of silicified fossils in Ordovician rocks, 
has enormously increased both paleontological and stratigraphical 
knowledge. Dr. Reuben J. Ross’ work on the trilobites of north- 
eastern Utah has already been published (Peabody Mus, Nat. 
History Bull. 6, Yale Univ., 1951). Dr. Hintze began his work in 
western Utah only a year after Ross, and independently discovered 
similar trilobite faunas and recognized that different assemblages 
typified particular horizons. The results of Dr. Hintze’s paleon- 
tological work are given in this bulletin. Some of Ross’ species are 
redescribed, but in addition 50 new species are named, the total 
being placed in 42 genera, 5 being new. Much morphological in- 
formation is presented in both text and plates, and particularly 


striking are the pliomerid and encrinurid species. The phylogeny of 


certain genera is considered, and the question of sexual dimorphism 
touched upon. Dr. Hintze has, in many cases, grouped related genera 
on the plates, but in the text has followed the regrettable precedent 
set by certain distinguished elders and arranged the genera alpha- 
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betically. The work of Drs. Hintze and Ross has revealed an 
astounding variety of Lower Ordovician trilobites, and while no 
doubt much remains to be learned, these publications, exemplary in 
their abundant illustration, will remain standard references for 
all students. 


Dr. Hintze has recognized thirteen of Ross’ lettered zones in the 
Lower and early Middle Ordovician (and two additional younger 
zones), and carried these zones 400 miles to the south and west. 
Each zone is discussed and a faunal table given. Then follow faunal 
lists from sections in Utah described by Dr. Hintze in an earlier 
publication and details of measured sections in eastern Nevada and 
their contained faunas. The thickness of any particular zone may be 


from one to several hundred feet. Many trilobite genera are peculiar 


to one zone, others range through two or three zones, and only five 
through four or more zones. Abundant fossils, careful field work, 
and laborious preparation have made this detailed zoning possible. 
These zones may well be traced for many hundred more miles, and 
outside the Great Basin at least groups of zones will evidently be 
recognizable. Far more accurate correlation between the Great Basin 
and areas earlier studied, as far away as northwestern Greenland, 
now becomes possible. 

Dr. Hintze and the Utah Geological and Mineralogical Survey 
are to be congratulated on this publication. The collotype plates 
are of the highest quality, and since the photographs of these won- 
derful trilobites are equally good, the nature of the fossils is re- 
vealed in detail to other workers. The text, as explained in a fore- 
word by the Director of the Survey, is reproduced in an inexpensive, 
but eminently legible format. The combination forms a firstclass 
paleontological publication produced within a limited budget, and 
may well serve as an example to other institutions. 

H. B. WHITTINGTON 


PUBLICATIONS RECENTLY RECEIVED 


Zeslitas dos Basaltos do Brasil Meridional (Génese e Paragénese); by 
Rui Ribeiro Franco. Universidad de Sio Paulo Faculdade de Filosofia, 
Ciéncias e Letras, Boletim 150 (Mineralogia 10). Sao Paulo, 1952. 

Campbell Volume; Arthur Holmes, Editor. Transactions of the Edinburgh 
Geological Society Vol. 15. Edinburgh, 1952 (Geological Society, Synod 
Hall, Castle Terrace, Edinburgh 1, 30s). 

Understanding the Weather; by T. M. Longstreth. New York, 1953 (The 
Macmillan Company, $2.50). 

Ferroelectricity; by E. T. Jaynes. Investigations in Physics No. 1. Prince- 
ton, New Jersey, 1953 (Princeton University Press, $2.00, paper cover). 

Collie Mineral Field; by J. H. Lord. Western Australia Geological Survey 
Bulletin 105, Part 1. Perth, 1952 (W. H. Wyatt, Government Printer). 
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U. S. Geological Survey Bulletins as follows: 966, Index to Geophysical 
Abstracts 136-139, 1949, $ .15; 976, Index to Geophysical Abstracts 140- 
143, 1950, $ .20; 991-C, Geophysical Abstracts 150, July-September 
1952; by M. C. Rabbitt and S. T. Vesselowsky, $ .25. Washington, 1952 

U. S. Geological Survey Water-supply Papers as follows: 1110-E, Water- 
level Fluctuations in Limestone Sinks in Southwestern Georgia; by E. 
L.. Hendricks and M. H. Goodwin, Jr., $ .55; 1155, Surface Water Sup- 
ply of Hawaii 1948-49, $ .35; 1169, Water Levels and Artesian Pressure 
in Observation Wells in the United States in 1950, Part 5, Northwestern 
States, $ .35; 1174, Surface Water Supply of the United States 1950, 
Part 4, St. Lawrence River Basin, $ .35. Washington, 1952. 

Geology and Mineral Resources of the Carlinville Quadrangle; by J. R. 
Ball. Illinois State Geological Survey Bulletin 77. Urbana, 1952. 
Record of the Rocks; by H. G. Richards. New York, 1953 (The Ronald 

Press Company, $6.00). 

The Biology of Paramecium; by Ralph Wichterman. New York, 1953 (The 
Blakiston Co., Inc., $9.00). 

Non-aqueous Solvents: Applications as Media for Chemical Reactions; by 
L.. F. Audrieth and Jacob Kleinberg. New York and London, 1953 
(John Wiley & Sons, Inc., and Chapman & Hall, Ltd., $6.75). 

Meson Physics; by R. E. Marshak. New York, 1952 (McGraw-Hill Book 
Company, Inc., $7.50). 

Geology of the Caballo Mountains; by V. C. Kelley and Caswell Silver. 
University of New Mexico Publications in Geology 4. Albuquerque, 1953 
(University of New Mexico Press, $5.00, paper cover). 

Keport of the Committee on the Measurement of Geologic Time, 1951-1952; 
J. P. Marble, Chairman. National Research Council Publication 245. 
Washington, 1953 (National Research Council, $1.50, paper cover). 

The Composition and Assaying of Minerals; by John Stewart-Remington 
and Wilfrid Francis. New York, 1953 (The Philosophical Library, 
$5.50). 

Micrometeorology; by O. G. Sutton. New York, 1953 (McGraw-Hill Book 
Company, $8.50). 

Early Man in America: A Study in Prehistory; by E. H. Sellards. Austin, 
Texas, 1952 (University of Texas Press, $4.50). 

Organic Chemistry; by M. J. Astle and J. R. Shelton. New York, 1953 
(Harper & Brothers, $7.50). 

Copan Ceramics, A Study of Southeastern Maya Pottery; by J. M. Long- 
year III. Carnegie Institution of Washington Publication 597. Wash- 
ington, 1952 (Carnegie Institution, $5.25, paper cover; $6.25, cloth 
bound). 

Kansas Geological Survey Bulletin 96: Part 8, The Red Eagle Formation in 
Kansas; by H. G. O'Connor and J. M. Jewett. Part 9, Orthography as 
a Factor in Stability of Stratigraphical Nomenclature; by R. C. Moore. 
Lawrence, 1952 (University of Kansas). 
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